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SOCIETY OF ENGINEERS. 



RULES AND BYE-LAWS. 



Object of 
Society. 



2 S <J^ 

This Society was established for the discus- 
sion of scientific and other subjects of general 
interest. 



The Election of Membe&s. 

1. The Society shall consist of members of only 
one class. 



Mode of 
Election. 



How to be 
Proposed. 



2. Members to be elected by ballot; one third 
black balls to exclude. 

3. Candidates for membership to be proposed by 
a member of the Society and recommended 
by at least three others; the proposer to for- 
ward these particulars to the Secretary at 
least seven days before any ordinary Meeting ; 
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Members 



Visitors. 



Mode of 
Election. 



Number of 
Officers. 



the ballot to take place at the conclusion of 
such Meeting. 

4. No member to be expelled without the con- 
sent of at least three fourths of the members 

present, or by proxy, at a Special General 

Meeting, called for such purpose. 

6. Members to have the privilege of issuing 
cards of invitation for two visitors at each 
Ordinaiy Meeting. 



BULES FOE THE ELECTION AND PeOCEEDINGS OF 

Committee and Officebs. 

6. The officers of the Society to be elected at 
the General Meeting of the members in 
December, each year, by ballot. 

7. The officers shall consist of a Committee of 
seven members, in addition to the Past 

Chairmen of Committees, and Honorary 
Secretary and Treasurer, who shall be mem- 
bers ex officio. 
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Election of 
Auditor. 



Qnonnn. 



Election of 
Chairman. 



Nominati<»i 
of Depnty- 
Chaiiman. 



of Funds. 



Selection of 
Subject for 
Discussion. 



8. A member (not being one of the Committee) 
to be elected as Auditor, who shall make 
his reports at the first Ordinary Meeting 



9. Four members to be a quorum; the Chairman 
to have the casting vote. 

10. The Committee to elect their Chairman by 
ballot, who shall be Chairman of all Meetings 
throughout the year. 

11. In the absence of the Chairman at any 
Meeting, a Deputy shall be nominated by 
the Committee. 

12. The Committee shall have the sole manage- 
ment of the funds, and the entire superin- 
tendence of the Society. 

13. The Committee shall select the subject and 
papers to be read and discussed at the 
Ordinary Meetings. Members wishing to read 
a paper, or who wish to have a particular 
subject discussed, must notify the same to the 
Committee. 
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14. A Special Meeting of the Committee shall 
be called on the requisition of three of its 
members. 

Retirement of ^5 The Committee to retire each year, but to 

Committee. ^ j ^ 

be eligible for re-election. 
List of New 16. The Committee resigning office shall pre- 

Officers. 

pare a list of proposed new officers, which 
shall be sent to each member with the notice 
of the General Meeting. 

Members 17. Any member offering himself for election 

wishing to be 



^J^^tteS. on the Committee, must give in his name to 

the Committee on or before the ordinary 
meeting in November. The name of such 
member shall be appended to the list pro- 
posed by the Committee. 

Election of 18. Members who do not attend the General 

Committee. 

Meeting should forward the above-named 
list to the Honorary Secretary, with such 
alteration in the names as they desire, 
which, with those from the members present, 
shall be handed to two scrutineers appointed 
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by the Chairman, who shall ascertain the 
number of votes obtained by each member; 
and the Chairman shall make known the 
result to the meeting. 



Equauty of JQ. In casc two or more members have the same 



number of votes, the election of such members 
to be decided by lot. 

^ectiOTLof^ 20. The Honorary Secretary and Treasurer to 



be elected by the members of the Society, 
and to be nominated in the list of officers 
proposed by the Committee for the year 
ensuing. 

21. The Honorary Secretary and Treasurer 
shall keep the funds and accounts of the 
Society, which shall be open for the inspec- 
tion of any member. 



Stjbsceiptions, &c. 
Entrance Fee 22. An entrance fee of ten shillings to be paid 
by members on election. 

23. The annual subscriptions to be ten shillings^ 

Subsciiption. 



and paid in advance. They are due on the 
first day of January in each year. 



Votes. 



Hon. Secretary 
and Treasurer. 
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Members 
Joining. 



24. Any member joining the Society shall pay 

his entrance fee, and annual subscription, 
which shall be considered as paid only to the 

3 1st of December ensuing. 



pi8quaM<»- 26. Members whose subscriptions are in arrear 

tion to Vote. 

for the previous year are not qualified to 
vote. 



subacriptionB 26. Members whose subscriptions are in arrear 

in arrear. ^ 

for three years, to be struck off the register 
of the Society. 



Meetings op the Society. 

27. The ordinary meetings shall be held on the 
second Monday in January, and the first 
Monday in February, March, April, May, 
June, September, October, November, and 
December, unless otherwise specially ordered 
by the Committee. The Chair to be taken 
at 7 o'clock, p.m. 



Special 
G^eral 
Meeting. 



28. A Special General Meeting of the Society 
shall be called on the requisition of eight 
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General 
Meeting. 



Voting 
by Proxy. 



Notice of 
Meetings. 



Order of 
Business. 



of its members, who shall send to the Com- 
mittee the resolutions to be proposed by them 
at such meeting. 

J 29. The Chairman to have the power of direct- 
ing the manner of discussion. 

30. There shall be a General Meeting held 
within the first fortnight of December in 
each year, to elect the officers of the Society 
for the ensuing year. 

31. Members are entitled to vote by proxy. 

32. The Honorary Secretary shall write to every 
member at least four days before each ordinary 
Meeting, naming the date of the same, the 
subject of the Paper, and by whom to be 
read; likewise the names of Candidates for 
Membership, and by whom proposed. 

33. The Honorary Secretary shall commence the 
proceedings of each meeting by reading the 
minutes of the one preceding, the abstract of 
the paper read, with notes of the discussion 
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at the previous meeting, and the names of 
the gentlemen proposed for election. 



Premiums for 34. Premiums in Books, not exceeding the value 

Papers. 



of Six Pounds, will he given annually for 
the hest Papers read during the previous 
year. The decision to he left to the Com- 
mittee, who are disqualified from receiving 
premiums. 



PubUcation of 36. After each Paper is read, the Committee 

Papers. 



are to decide whether it would he desirable 
to publish it, and, on obtaining the author's 
consent, are to arrange with the Editor of 
a Scientific Journal to publish the whole or 
part of the same. 



Alteration of 36, No alteration to be made in the above 



Rules and Bye-Laws without the sanction of 
a Special Meeting called for such purpose. 



Bules. 
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Abstbaots of the 
Papers read during the year 1860, at the Monthly 
Meetings of the Society of Engineers. 



January 9th, 1860. 
R. M. ORDISH IN THE Chair. 
ON QUARTZ-CHRUSHING MACHINERY. 
By Perry F. Nurset. 

The author opened his paper by obaerviog that the main object 
sought to be attained in reduction machines was the economical and 
effectual extraction of gold from its matrix, which, when not an alluvial 
^deposit, was generally of a very hard and refractory nature. With this 
. View^ the machines were designed to act mechanically as pulverisers, 
and, by the introduction of mercury, chemically, as amalgamators. The 
two operations being effected in some simultaneously, in others by two 
distinct processes. 

. The subject was treated under the following heads : — ^First, the na- 
tiu'es and properties of the substances to be acted upon by the ma- 
chines were examined ; secondly, the processes of reduction and amal- 
gamation were described, and the requirements of an efficient machine 
pointed out ; and, lastly, the machines themselves were considered, and 
explained by the aid of appropriate diagrams. 

It was then stated that gold had been known from the earliest ages, 
and was by no means a rare metal, though not so universally diffused as 
those of a baser character. It did not readily combine with oxygen, 
and thus suffered but little diminution by the formation of an oxide. 
. Gold had been kept in a state of fusion for eight months, without per- 
ceptible . Qhange. Its^ extraordinary malleabilii|y and ductility were 
.noticed — ^leaf gold, which was only the 282,000th part of an inch in 
thickness, being instanced as an example of the first-named attribute, 
whilst the second was exemplified in the manufacture of gold thread, 
in which a cylinder of silver weighing 860 ozs. was coated with 6 ozs. 

c 
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of leaf gold, drawn through holes so decreasing in diameter Uiat a wire, 
tliin as a hair, and 200 miles in length, was ultimately produced, the 
gold with which it was equally coated not exceeding the 500,000th 
part of an inch in thickness. Gold was found only in the metal- 
lic or native state, in mechanical combination with various sub- 
stances, but oooasi<Nially alloyed by other metals. It occun*ed 
crystalised, having for its matrix vitreous quartz, generally known as 
rock crystal, a substance sometimes transparent and colourless, at others 
opaque and tinted by oxides or sulphates occurring in its vicinity. It 
was insoluble and infusible, about seven times harder than glass, and 
had a specific gravity of about 2*65. 

Gold existed also in a matrix of a softer description, known asgossan, 
or red oxide of iron, the outcrop of copper and other mineral lodes, 
being its^ a mineralised substance, occasionally intermixed with quartz, 
and bearing evidence of a volcanic action. It was upon this desmption 
of ore the author operated for gold in North Molton, Devon. Samples 
were laid on the table, as also were some prills of gold obtained 
therefrom. 

Mercury was noticed as being of considerable importance in gold ex- 
traction. The chief peculiarities which marked this useful metal were 
its constantly fluid state, solidification being only efiected by the most 
intense cold : it boils at 680 degrees, and having but slight affinity for 
oxygen, suffered little loss by repeated distillation, but under certain 
conditions, however, grey and red oxides were formed. The readiness 
with which it united with gold, and could be again separated therefrom 
was its most important featui-e in reference to the subject of the. 
paper. 

The principles of the process of gold extraction by chemico-mechani- 
cal means were then alluded to. 1 he gold ore, roughly broken by hand- 
hammers or by stamps, was to be submitted to a machine for re- 
duction to an impalpable powder, which process might be facilitated 
and amalgamation aided by previously calcining the ore, thus renderings 
it fHable, and driving off its sulphurous and arsenical constituents. 
Assuming the two principles of reduction and amalgamation to be car- 
ried on at once, mercury would be placed in the machine in contact with 
the grinding parts, the gold being thus brought directly under its in- 
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fluence. The admisaien of water to the mill woul4 uaist the gtmvi- 
tatlon of metallic particles, and cany away the earthy mattw through 
wire-gauze sieves, at a proper level. Care would have to foe ofoeerved in 
regulating the working speed, high velocities disintegrating the mercury, 
and occasioning loss by transmutation. 

The amalgam wh^ formed would be either squeezed through a 
leather bag, and the richer parts which remained submitted to cupella- 
tion, or the whole of the mercury distilled over, and the gold extracted 
from the residue by the crucible. Of these two methods the author 
preferred the latter, as having many advantages over the former. 

The conditions of an efficient machine appeared to be simplicity of 
general arrangement, strength of construction, directness and evenness 
of action, with a full, steady, graduated crudiingand triturating power, 
llie absence of all vibratory or hammering action was desirable, and 
its avoidance became imperative in machines where the two procesoes 
were combined. The sensitive nature of the mercury implied that 
reduction and amalgamation should be conducted separately. 

The limitH of a paper forbidding a notice of all the inventions for ex-^ 
tracting gold, the author classified them with reference to the princifte 
of their action, and gave an example of each class, selecting for the pur- 
pose those with which he had be^ practically acquainted, and others 
prominent either for their public notoriety or for their apparent merits. 
With a view of tracing its development, the author proposed to treat 
the subject in chronological order. 

A grant of Charles I., in 1630, to one David Ramseye, appeared to W 
the first systematic attempt to place the question on a commercial basis,, 
in civilised times. The Crown granted Ramseye very large powers,- 
without requiring him to specify the means he would adopt to extract 
gold, and summary punishment awaited any one infringing on Ram- 
seye's privileges. The author noticed the improvements in the patent 
law since the time of Charles, observing that further amendment seemed 
necessary, from the &ct that tribunals, established to adjudicate upon. 
widely different questions, were frequently compelled to waste public^ 
time and money in the most eUborate, and often the most fruitless,^ 
scientific disquisitions. 

Fifty-seven years after Ramseye, Messrs. Clarke and Brent patented. 

c 2 
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" Ways and mdans never before known for extiuctiug gold." What 
these wnys were is left to conjecture. 

In 1773, John Barber |>roj>oged to utilise air, fire, and water to the 
isame purpose, definitely describing a complication of machinery, the 
working of which did not appear to have been publicly recoi-ded. 

Proceeding to more piactical appliances, Thomas's ihill, constructed 
in 1777, was noticed. An edge runner, accompanied by rakes, or 
stirrers, and spring sieves, was made to grind the ore by horse-power, in 
n circular trough, and had nothing but its simplicity to recommend it. 

The Baron de Chastel appeared to have been the first who practically 
ccnsidered the question, which I'esulted in the production of machinery 
in 1783, which might be considered the prototype of all subsequent 
inventions, subject only to collateral modifications. Here four mills 
were used, in which the gold ores were separately reduced and 
amalgamated, extensive apparatus for the purpose of carrying out 
the detail operations being attached, leather bags and cupellation 
of the amiJgam concluding the extraction. The author was not 
aware of the adoption of this system in England, although the baron 
made extensive researches therewith at Qeneva. 1 he demerits of De 
Chastel's apparatus existed mainly in its mechanical deficencies. 

No advance was made for more than sixty years, until, in 
1849, Alfred Newton calcined the ore, and reduced it by graduated 
rollers. 

In 1850 CroBskiU's eccentric mill was used successfully as a crusher, 
ii;nd the ** Council great medal" was awarded it in 1851, but from its 
liability to get out of order it afterwards fell into disuse. The disco- 
very of vast gold fields in Australia and California, and of auriferous 
deposits in Great Britain about this time, gave an impetus to invention, 
and the production of " gold machines'* rapidly increased. 

Isham Baggs embodied the principle of the steam-hammer In his 
"stamps," which were of great power, and came very generally into 
use at the time of their introduction, a 4-horse engine crushing from 15 
to 20 tons of ore per day, amalgamation being separately performed. 
These steam-stamps continued to be used abroad with success. 

" Oochran*s Quartz Crusher" was the application of balls rotating be 
tween circular grooved tables. The author had examined one of these- 
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machin^s^ and the weight of metal, high workiDg speed, aad in. 
complete mechanical detail, he had formed aa adverse opinion upon it» 
andconld not instance its adoption bejimd experiment. 

Bichards and Groves's Mill was at one time thought &vourably of; 
but ihe liability of the peripheries of the grinders to be throw out of 
concentricity appeared a &.tal objection- 

Sthrapners method of reducing gold ores, by disdiarging them ftom a 
piece of artillery against a concave target, was noticed as one of the many 
schemes^ more distinguished for originality thi^ utility, which then 
abounded. 

CapLJMoorsom's arrangements at the Britannia Mine, North Molton 
Devon^ with which the author was connected^ consisted of heavy edge 
runners, accompanied by scrapers, and working in pairs ; they ground 
and amalgamated the ore, previously calcined in pans. Gold extraction 
proceeding but slowly, barrel amalgamation was substituted, the ore 
being gro\ind dry in the mills, which worked very effectually, reducing 
the gossan to an imp>alpable powder, some of which was exhibited on 
the table. This aiTangement was superseded in lSo3 by Perkes's 
machine, a cast-iron pan, 6 ft. diameter and 3 ft. 6 in. high, in which 
five heavy cast-iron cones revolved, worked by a central vertical shafU 
Numerous wor^g trials were made, and among others, ihe author 
gave the details of one conducted by him upon fifty tons of auriferous 
gossan. The time occupied in reduction and amalgamation was four 
weeks of day and night work, and the final results were a loss, by dis* 
ntegnition, of 50 per cent of the mercury employed, and an ultimate 
yield of 14 ozs. of gold or 14 grains per ton of ore. Every attempt to 
extract gold from North Devon ores remuneratively by this machine 
proved a failure. Its arrangement theoretically implied an approxima- 
tion to perfection as a crusher, but practice determined its inefficiency. 

The system of spheres rotating in revolving basins, patented by Ber- 
dan, obtained great notoriety in 1853-4. The basins were 7 ft: in 
diameter, and the balls of which (there were two to each basin) weighed 
respectively one and two tons each. The success of these machines in 
gold extraction was unparalleled. They were to crush and amalgamate 
ten tons per basin per day of twelve hours ; but the author's experience 
of their work in two separate trials, under very favourable conditions^ 
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'waft otie 4on iiii t^o hours and a half, or equal to 4*80 tons per day. 
S0]3^ „ Experiments conducted by Professor Ansted, aad reported by 
him to the Society of Arts, gave more fkrourable results ; but the Bpiral 
motion claimed for the large ball upon analysis appeared wanting, 
inasmuch as the smaller ball, by occasional contact, could not alter the 
course of one twice its own weight, but b^g itself struck at a point 
^ut of its centre, ii received a mo^on additional to that around its 
h<E>Hzontal axis, which Was Of no practical benefit, as all the work was 
done by the lai^ balL The author was informed that a committee of 
gentlemen from New York had been recently examining witnesses in 
Iiondon in reference to Berdau*s machine, but prooeedings had been 
Conducted with closed doors, and the object of the inquiry had not 
tran6{Hred» 

• Pym*s crushing mills wefe six-edge runners, loosely hung on a hori- 
zontal fixed shaft, their edges running in a series of troughs, cast on 
revolving conical bed plates, and embodied a principle that with further 
development might prove useful. 

The pestle and mortar, as adapted by Moss, formed a very primitive 
Crusher, which wad subsequently improved upon, but at its best it 
appeared ill-calculated to succeed as a reduction machine. 
■ Dr. CoUyer, of New York, carefully considejred the question of gold 
extraction, and his invention of 1853 met most of its requirements* 
He reduced the ore in separate chambers by a graduating power, with 
an excellent triturating action, and amalgamated in mercury baths, 
through which the powdered ore was drawn by fluted rollers. A 
machine was erected at Ipswich, and upon repeated trials proved very 
iuccessful. Tl^e mechanical detail of the apparatus is deficient, but 
independently of this it appeared more nearly to approach the fulfil- 
ment of the conditions of a perfect machine, as advanced in the early 
^rt of the paper, than any that had hitherto been noticed. 

Mr. Mitchell, the chemical analyst, and author of several scientific 
papers, had reduced the principles of gold extraction to very efficient 
practice by the introduction of conical friction rollers between spheres 
rotating in an annular trough; the contact of the conical with the 
spherical surfaces communicating to the latter a rotatory motion on a 
vertical, in addition to that round a horizontal axis. The oi-e was im- 
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palpably retiuced in the mill, and carried through twelve amalgamator!, 
each fumiahed with two revolving screws. The multiplication of the 
lengths and revolutions of these screws clearly showed that the ore in 
its passage from the machine to the exit point of the last amalgamator 
traversed in the ^mum of one hour the incredible distance of nearly 
eleven miles, within the <wqw of mo. ■^***«'^g**^*inf-hfnirf AO faei in 
length. Mitchell's apparatus was now coming into considerable use in 
South America, where the increase in the yield of gold is from 250 to 
300 per cent, in its fiivour upon the methods previously adopted. 

The paper concluded by noticing the results of some interesting 
experiments, and a working model of the machine and amalgamators 
was exhibited. 



Mr. Amos said he had listened with very great interest to the pa^, 
and that much valuable infoiination had been elicited, but thought 
there was still much to be learnt on this subject. He considered that, 
in moBt of the i^paratus described, too much was attempted to be done 
by one madiiiie. For example, crushing, grinding, washing, and amal- 
gamating in several cases, had to be done in one implement ; this occa- 
sioned many objectionable features in their construction, as the con- 
stant working of metal against metal being exposed to ihe grit in water, 
would naturally greatly afiect the wear and tear of the machine. Again, 
in Berdan*s machine, beat was applied beneath, and above a constant 
stream of water was running through, which of course greatly neu- 
tralised the effect. 

He thought it would be &r better to divide the operation thus 
first, wash or calcine the ore ; secondly, subject them to the action of 
the stampers ; thirdly, crush them by edge runners, and then wash 
them in a separate machine designed exclusively for the purpose. 

Mr. Clay considered that grinding the ore by rollers reduced the 
size of the quartz with less waste than stampers. 

The capabilities of the various machines were discussed by Messrs. 
Hichards, Edwards, Smith, and others. 

Mr. Nursey, in answer to a question from Mr. H. P. Stephenson, - 
.stated that the yield of gold per ton of ore that would be remunerative 
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depended on many circumstances, but the average might hp taken at 
four dwts. under ordinary conditions. 

The Ch^dnnany in summing up, agreed with Mr. Amos, that too 
much was attempted to be done in one machine ; and, after reviewing 
the various machines^ he gave the preference to Berdtin's for grinding, 
and Mitdiell's for amalgamating. 



Februai'y 6th, 1860. 
R. M. CHRISTIE in thk Chaib. 
ON WOODEN JETTIES ON THE RIVER THAMES, AND 

THEIR IMPROVEMENT OF THE INSHORE NAVIGATION. 
By John G. Davenport. 

The condition of the Thames, and the improvements thereon, will 
always be a matter of great interest to the people at large. The pro- 
gress of civilisation of a people is shown by the condition of their 
roads, railways, and canals; and again by the facilities which are 
affntled to the shipping by means of piers, landing-stages, or jetties, on 
the various rivers. This paper refers more particularly to jetties on 
the river Thames, and tends to show tbat^ while in nearly all branches 
of engineering science great progress has been made, this question, with 
regard to the Thames, has been much neglected. A contrast is drawn 
between the ports of Liverpool and London, in respect of landing-stages 
lately erected at the foiiner place. The increase to shipping by the 
introduction of steam within the last forty years has made it necessary 
to adopt more improved forms of landing-stages than exist at present 
in many places on the river Thames. The substitution of wooden 
jetties in place of "dummies** or decked barges, as heretofore, tends 
very much to carry out this improvement, and offers increased facilities 
for inshore navigation. The new Board of Conservators are taking the 
necessary steps to improve the landing-stages under their immediate 
control, and are allowing proprietors of wharfs below bridge to adopt 
jetties that are found do not interfere with the navigation. A diagram 
was submitted to the meeting of a wooden jetty, constructed by T. M. 
Gladstone and Co., at Free Trade Wharf, and which has been found to 
answer its requirements to the fullest extent. This jetty was designed 
by^Mr. Davison, C. E., and extends into the stream 80 ft., having two 
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openings, one of 24 ft, and the outer one of 55 ft. There are two piers 
8up}>ortmg the whole, composed of 28 creosoted piles, and driven into 
the bed of the river from 10 ft. to 12 ft The width over all of the 
jetty is 2-t ft. Hie outer opening of the jetty is composed of two 
arched ribs, which support the platform and movable gangway. This 
movable gangway is 35 ft. long and 8 ft. wide, one end of which can be 
lowei*ed to suit nearly any height of the tide, being provided with 
balance-weights and winch power, so that one man can raise or lower 
it in a few minutes. A comparison was drawn between the advisability 
of adopting wood in preference to iron in these structures, the cost of 
wood being considered at least one-third cheaper. It was then shown 
that, by the general adoption of jetties similar to this, or of an improved 
form, in substitution for "dummies," the inshore navigation will be 
considerably improved, seeing that bargef*, and all o&er small crafty 
can pass underneath the jetty and near to the quay. 

DISCUSSION. 

Mr. Ormiston considered the jetty mentioned by the reader was not 
any improvement on the dummy system, and thought that the wooden 
piles used would not last more than twenty years, and even if creosoted 
would be attacked by the worm. He advocated the use of iron for such 
structures, feeling sure that its extra cost would be counterbalanced by 
its greater durability. 

Mr. Glynn did not think the piles would be affected by the worm, as 
it did not attack timber in fresh water. He then mentioned a plan of 
keeping timber piles constantly soaked with creosote, by boring a hole 
down the centre of the pile, and keeping it filled with creosote as often 
as it was required. He prefeiTed iron to wood for jetties, and did not 
consider the plan of Mr. Davenport so good as that adopted at Paul's 
Wharf, Blackfriars Bridge, &c. 

Mr. H. P. Stephenson thought the slope of the movable part of the 
jetty, when at its lowest point, would be too great to render it useful 
for the purposes for which it was designed. 

Mr. Gladstone stated that the piles used in the jetty, noticed in the 
paper, were driven 10 ft to 12 ft into very hard gravel, with a monkey 
of 16 cwt., with a fell of 15 ft. He stated the cost of the jetty to be 
1000 guineas. 
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Mr. Bryant stated that, in an experiment at the New Westminster 
Bridge, piles were driven 15 ft. into the clay, with a weight of 25 cwt., 
and a fall of 6 ft., and bore a weight of twenty tons on each pile without 
any sign of sinking. 

The question of the movable platform was discussed by Messrs. 
Kursey, Allan, and Kershaw, who thought the slope would prove too 
great for any ordinary traffic 

Mr. Davenport, in answer to the objections raised to the movable 
platform, stated that it was very easy of adjustment to suit the various 
heights of the tide, and that the slope had not yet proved too great for 



n« CMimiit in mmmias np, mikmmM lit wt <^ mm In pm* 
fimnw to WQoA; Iwl iMwl UmI 1m it irood wm used, H 



to labour, by reason of the indifference with which the subject is 
generally viewed, that notwithstanding the important part it played 
in the comfort or discomfort of domestic life, there were few who cared 
to take the trouble to make themselves acquainted even with its el^- 

^a«t number of persons, the " click is considered a proof of excellence, 
though he need sccurcely point out that it was a sign of a frictioual 
wear and tear denoting a source of self-destniction, it is also well 
understood by those who retail locks that^ geaerally speHking, the key 
fictht ilie Jotk, slioivliig Ho l^g^^ li givten tkiil liie fimwM MmomI 
arrangements, which a much cut about key leads to Mnt m 
moatly wholly wanting, and are also useless. 

Referring then to the diagrams, he drew attention to the mode of 
eonstruction of locks from the earliest tames to the present day, point- 
ing out Hie exoeltol diat»etir et Ifast srfiUgmeiilB &t tiie »mimA 



K. M. CHRISTIE in thk ('hair. 



LOCKS AND FASTENINOa 



By W. p. Miles. 
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Egyptian lock, whick might be traced through the East to some parts 
of Turkey, &c., even now. 

He fiirther proceeded to show how false were the notions of the 
security of warded looks which, by a glance at the diagram, was at 
once apparent. He also gave a brief resume of the celebrated Lock 
Controversy, during the time of the Great Exhibition of 1851, between 
that scientific lock picker, Mr. Hobbs, and the greatest lock makers of 
the day, and introduced to notice the exi^emely clever instrument 
which has proved the ^'open sesame" of those locks whose seeturity 
had hitherto a world-wide &me, and which led to such lengthened 
discussions, and even leaders in the leviathan TVmef, converting a whole 
army of clerks and others into lock pickers, and controversialists, lead- 
ing to many new patents, and giving an insight to the public how 
wholly at variance with known laws is the system of wards in \ockB, 
their total insecurity because of the easy means by which they are 
evaded, feicts especially needed to be known, to enable them to cope 
with the professed plunderers to whom the possession of such know- 
ledge formed a part of their discreditable education. 

He further drew attention to the principles of his own Patent Marine 
Lock, so named from the peculiarity of its construction, enabling it to 
be made wholly of ahti-corrosive materials, and consequently rendering 
it peculiarly adapted for damp, or exposed situations, and for marine 
purposes. In explanation, he showed it to be eminently an anti-fric- 
tional lock and that it could not be picked by Hobbs* system of pressure 
on the bolt, by taking off the cap, thereby fully exposing the internal 
parts, applying all the power of the hand, with a thin penknife, trying 
all the lifts, and though all the levers were exposed to view (holding it 
well up in his hand that all might see), he could not pick it ; he then 
handed it for others to try, and notwithstanding the presence of Mr. 
Hobbs himself, it remained unpicked. 

DISCUSSION. 

Mr. Glynn wished to know the composition of the metal in the springs 
of Mr. Miles' " Marine Locks," and how the spring was produced, as he 
could not imagine it would last* 

Mr. Young could not see how the Egyptian lock worked. There is a 
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lock now in common use for bamB, pigsties, Ac, possessing tbe advan- 
tage over the Egyptian lock, of not requiring a key ; with regard to 
springs he thought with Mr. Glynn, that braes would not answer, so 
well as good steel. 

Mr. Hobbs said that Mr. Miles* lock simply contained a spnug cut 
out of the lever, and although he was quite aware that, in some cases, 
steel springs were liable to rust, yet, under any circumstances, they 
would last much longer than braas springs. He had found that the 
worst metal that could be chosen for a lock spring was brass. The 
public were quite mistaken in supposing that lever locks belonged to 
Chubb, because, in 1709, a lock vtras patented which contained a double 
tumbler; the only peculiarity in Chubb*s lock was a detector. Mr. 
Hobbs then described how he should pick warded locks ; and that the 
principle of Bramah's lock was absolutely the same as any ordinary 
lever lock, with the same principle of action that regulated tumbler 
locks : the public had quite a wrong impression as to their security. 
Here he i'ully described how he picked Bramah's lock, and won the 
200 guineas reward, and operated on Chubb's lock at the Qreat Exhi- 
bition of 1861, simply to show the principle upon which it was picked 
He most strongly disputed the excellence of the spring of the lock 
referred to by Mr, Miles, and also the impossibility of picking it. 

Mr. Parsey, in proof of the durability of brass springs, instancefl a 
case of a clock which had gone well for eight or nine years. 

Mr. Hobbs would always prefer steel springs ; in exposed situations n 
brass springs v^ere quite as likely to become corroded. 

Mr. Nursey exhibited a lock which was patented by Mr. Collett 



Mr. Hobbs thought the lock shown by Mr. Nui-sey was, as it wei-e, 
a lock within a lock, in fact, something like that known as the dial 
lock," of which he had picked several : the principle was by no means 
new or effective. 

Mr. Miles, in reply to the opinions adduced, said, with regard to the 
new lock which he had brought before the meeting, the chief objection 
appeared to be its spring, to which he had given great attention, and 
his experience told him that springs hiade of brass, or any similar 
mixture of metal, were, as to time, wear, or tension, as effective as 
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steel ; the spiiug in his lock was at rest without any tension until the 
key lifted it, and then the tension was very slight ; he had tested these 
springs, and found forly-eight hours' tension had no effect on the power 
or elasticity. It was quite possible, if inferior metal were used, the 
«ame result might not be gained. He certainly could not agree with 
Mr. Hobbs, that brass springs in exposed situations were not equal to 
steel, his opinion being that upon his principle they were infinitely 
superior for any kind of lock. 

The Chairman said, the discussion had so fully entered into ^e 
subject that there was nothing left for him to say. Mr. Miles had read 
an interesting paper, and the meeting had been fEtroured with the 
presence of Mr. HobbR, to whom he was quite sure all had listened 
with much pleasure. 



ON THE MACHINERY EMPLOYED IN RAISING WATER FROM 



The author described the machinery now used for raising a large 
supply of water from a well sunk to a depth of 300 ft in chalk by the 
Kent Waterworks Company at Debtford. 

Having given the particulars of the well and bore-hole, he, stated 
that the steam engine employed was a modification of the single-acting 
Cornish engine, in which, by fixing the beam under the cylinder, 
and working the piston rod through the cylinder bottom, the centre of 
gravity was brought close to the foundation, and the house built was 
smaller and much less expensive than is usually the case. 

The diameter of the cylinder was 30 in. and the stroke 7 ft. ; the 
steam lifted a counter-weight attached to the inner end of the beam, 
which, in descending, raised the water from the well by means of a 
lifting pump 26 in. in diameter, connected to the outer end of the beam. 
The author thought that by this an*angement the engine worked more 
expansively than it would have done had the water been lifted by the 
direct pressure of the steam. 



April 2nd, 1860. 
R. M. ORDISH IN THB Chair. 



AN ARTESIAN WELL. 



By W. Morris. 
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The parallel motion attached to the puinp -rod was explained : it being 
.the first application of a novel piece of mechanism, I'equiring no fixed an- 
chorage, the radius-rod being connected with the beam. An oscillating 
stuffing-box was also described, which reduced the friction, and pre- 
vented the vibration of the pump-rods (arising from their length) afiect- 
ing the steadiness of the pump. 

The boiler was 5 ft. 9 in. in diameter by 28 ft. long, and made entirely 
of {-inch steel plates ; it worked well with a pressure of 35 lb. per 
square inch, but the author considered that the lightness of the luate- 
rial would be found more advantageous for locomotives and marine 
boilers. 

The machinery, which was made by Messrs. Hai'vey and Co., of 
Hayle, Cornwall, from their own designs,. in accordance with the re- 
quirements of the company's engineer, has been working satisfactorily 
£br three years, raising 2,000,000 gallons of water per diem 43 ft. high, 
with a consumption of 18 cwt. of small screenings of house coal for 
twenty-four hours. 

The author, in conclusion, stated that he did not bring forwaixl this 
-tncample as a model engine for general purposes, but as an aiTangement 
which met the requirements of the case with economy and efficiency. 

DISCUSSION. 

Mr. Buckle thought the subject was of the greatest importance when 
they considered the health of towns and cities. The Egyptians treated 
the hydraulic engineer with the highest respect, knowing that the 
welfare of their own country entirely depended upon the hydraulic 
operations. When they looked at the well at Caiix>, called " Joseph's 
Well," which is a rare work of art, 800 ft. deep and worked with cattle 
at the present time; it seemed strange that they do not take a copy 
from us and make use of steam. Amongst the remains of Babylon 
could be discerned its buckets, or eiirthen pots fixed to chains or 
straps, by which water was lifted from the Euphrates some 200 or 
300 feet. 

Mr. Morris, in answer to Mr. Gray, said the well, from which his 
mi^oA i^ufi^ed^ wus iunk «^ P^^ttlord i^ut Ham ymm emm, jaa4 m 
mm^0me to other qu^stionSy stated that the water was lifted into m- tiClll 
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and that it was not a distributing^ but merely a lifting engine that was 
employed. 

Mr. Gray wished to know if that description of engine could be recom- 
mended for all purposes of similar work ; and with regard to the steel 
boiler, it was described as having several rings round the steel-tube, he 
would like to know if any such rings were used in the Cornish boilers. 

Mr. Olynn understood Mr. Morris to say that if they pumped too £ut 
they had lumps of chalk in the well which went down the borehole. 
He (Mr. Glynn) had never seen cylinders driven so loosely as to admit 
lumps of chalk. With regard to the oscillating stuffing-box he thought 
all requirements would have been met by having guides in the pipe. 
He (Mr. Glynn) thought it would be interesting to the meeting to know 
the cost of raising the water to the respective companies At the £ast 
London Water Works the cost of raising one million gallons 100 feet 
was 18s. Id. including the whole of the working expenses. 

At Green Lane Water-works . £0 15 9 per mill. gals. 100ft. high. 

At Lambeth Water-works . . 1 15 

At Old Southwark Water-works 12 „ „ 

At Grand Junction Water-works 1 15 „ „ 

Mr. Carrington said it appeared to him that the pump-rod worked 
the parallel motion : he could not see how the friction of the rods, &c., 
could be overcome otherwise than by the pump-rod ; this action would 
account for the vibration of the pump-rod. 

Mr. Parsey thought the engine should be kept as low as- possible, .to 
prevent vibration, and he saw no objection to support the cylinder on 
cast iron girders ; there was certainly a waste of power in moving the 
balance weight, but taking the engine altogether it answered its purpose 
admirably. 

Mr. Toung objected to steel boilers, and suspended pumps. 

Mr. Horseley contended that hangings pumps were most convenient, 
to Uft out in case of accidents. 

Mr. Morris, sen., thought the objections raised arose from misappre- 
hension. He would like to know how pumps could be securely fixed 
in a well where the water rose from bottom to top in a few minutes. 

Mr. Toung said divers could go down — ^they can go down twenty-two 
fathoms. 
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Mr. Morris thought that it was probably his fault that so many tnls- 
ttpprehensions had arisen, through his not having been sufficiently 
clear. With regard to the steel boiler, he was perfectly satisfied with 
it, it stood well, with the exception of the plates next the fire, where 
unequal expansion took place between the tube and the rings of angle 
iron which stiflfen it; these plates have been replaced by half-inch 
Lowmoor iron. He had found it very convenient to have the pumps 
suspended, for he had occasion to pull them entirely out of the well 
several times. In answer to Mr. Gray, he replied that the duties of 
many engines are still reported in Cornwall. 

The Chairman said that he thought the oscillation mentioned was 
attributable in a great measure to the parallel motion, and that an 
arrangement of levers to move the balance weight along the beam, 
according to the jieight of the water, would be advantageous to the 
economical working of the engine. 



May 7tk, 1860. 
R. M. ORDISH IN THE Chaib. 
ON DIVING APPARATUS, 
By Chables William Stockeb. 
The author first drew attention to the importance of diving opera- 
tions in the various branches of commerce to which they had been 
applied, and then proceeded to point out their usefulness as regards 
engineering practice, both in the construction and maintenance of our 
bridges, harbours, and almost all submerged works ; and also in re- 
pairing vessels, more especially screw steamships, remarking that a 
diver, with a helmet and dress on, might frequently, in the water, 
repair the leak which all the eflforts of those on board have foiled to 
fcubdue, and thus save both life and property, for which reason he 
considered that vessels of large size and great vahie pu^t always to 
be. provided with this apparatus. . v ii 

wm^xtA^ M the only correct way of arriving at a 8ci«ntiie o<?i iiji)iii i | 
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with regard to the supply of air to diyers. After a oomprehennTe view 
of reepiratioii and its effects on the air breathed, the reasons whj the 
respired air contained carbonic acid while it had lost a o(maidend>le 
portion of oxygen were explained. The author afterwards considared 
the possibility of rendering the respired air fit to breathe without sup- 
plying atmospheric air. The alteration in a body of air by one man's 
breathing in it for an hour is Btated by physiologists (as the mean of a 
laige number of experiments) to be the addition of 1,832 in. of carbonic 
acid, and the loss of about the same quantity of oxygen, the nitrogeD 
remaining unchanged. 

This alteration he proposed to counteract by exposing a considerable 
8ur£Ekce of potash or some such substance, which having a chemical 
affinity for carbonic acid would absorb it as soon as they came in 
contact, and by supplying the quantity of oxygen destroyed. This 
subject was considered at some length, and it was proved that 7 os. 
of hydrate of potash and 1 foot of oxygen per hour for each man would 
be sufficient That with this supply animal life might be maintained 
had been proved by many experiments, and the author uiged its appli- 
cation to submarine boats for two reasons — 1. That the atmospheric 
air hitherto takeu down in submarine boats contained 80 per cent, of 
nitrogen, which was not required for breathing, because the nitrogen 
sent down in the vessel had not been altered by respiration, and was 
therefore fi.t to be breathed again. Thus, by sending down oxygen 
instead of air the chamber would only need to be one-fifth the size, or 
else the divers might remain submerged five times as long;. 2nd. That 
the proposed method would maintain the gases in their proper propor- 
tion, so that that of the nitrogen should not (by the destruction of 
oxygen) increase, as it always must when atmospheric air is added. 

The diving-bells used by Dr. Halley and Smeaton were described, 
and particular attention was drawn to the apparatus used by the latter 
gentleman when repairing the bridge at Hexham, in Northimiberland, 
for he then introduced diving to engineenug practice; indeed, the 
addition of air-pumps to diving apparatus by Smeaton first rendered it 
practically useful for that purpose. Rennie used the bell extensively, 
and amongst many other places he applied it at Ramsgate Harbour 
with great success. The whole of the apparatus, suspending tackle, 

o 
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bell, and also the method of fixing the stones applied there were des- 
cribed, and this description of bell is the one still generally used. 
M. Cave's modification of the diving-bell, Sautter's diving-bell, and the 
NaixtUua diving aj^M»Utt were deficribad and iUustratod. Bj Sautteir'ft 
amcBgemdntB, oommnniealion was maintaised THi'>!wawii ilia divers and 
the surface by tube.s, large enough to admit the paSMgailif a man, the 
tabes being furuiahed with two transverse air-tiglsb fMXt^ons, so as 
ondy to allow a certain quantity of compressed air tci aiai|^. *SkB 
il«ybi of thia Ml vaa zi|fiilaiad by the proportioiia of air and vxtar 
ia an aziemal chamber. 

The Nautilus machine, when workad mdtrinroiimlila cI lw iB M r lai ieeB, 
was stated to be able to perform infinitely more work than aay diviii|p» 
bell hitherto invented, and it possesses the following advEmtages : — ^It ia 
independent of auspeoaion, and it haa lha powwr of sinkiag itaal^ or, <m 
the other hand, of taialng |!ieavy weig^ ■ ihin pcmt Mag miuefy 
dependent on the relative propoiiions of water and air in Hia ffhmnllf t ffi 
surrounding the bell. The air is supplied from a receiver at the surfi^^, 
hk wlli^ it is compressed to a greater density than the water at the 
fffidir the Kautilua haa to descend. Deechunpa and Wiloooq's 
iree dtring-boal was also alluded to and fllii8tn.ted. 

The diving-helmet and dress, and the whole apparatus, including 
pumps, hose, &c. &c., were explained and illustrated. The forma used 
by Deane and Bethell were described. The latter fgmMmmt III 19$^ 
introduced the closed helmet^ whioh^ in a graat iiaeai»g% aofmidbd 
Hia &pm lielmeil ptrnknamtf twed ; Mr, made great t 8a p w v s ii ie i i <% 
and it is his arrangement, either with or without slight alterations, 
that is now generally used. Mr. Heinke's arrangement was described 
and illustrated. 

Sevearal impmrnmakii on thia apfarKtaa vera auggaated, one of which 
iras that a prasenrci^^aiiga (applei in a iampk Ibnii, aad not wi^ isk» 

complicated arrangements hitherto used) sliould always be connected 
to the air-chamber of the pumps, or the hose leading from it to the 
diver, by a p^MSe of hose, the gauge being placed in such a position that 
the pmai^m must see it. yhis, it was urged, would giready add to the 
omtwm&mm of tibi ikfm, vbilt It iiin!ffaaml> Ua rntnil^; m eiigite 
mm^imoiom mpjilfy of air he mainlaiiiad ai any peeamra ha 
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required, while, should any sudden aocident happen which would 
deprive him of all power of communicating hy the signal line, the 
gauge would be nearly certain to warn the pumpers that something 
was wrong below. A consideration of the acddents which had occurred 
of late years would, it was maintained, show the usefulness of this 
improvement, and the superiority of this arrangement over any by 
which the diver could himself alter and regulate his own supply of air. 

Before concluding the author alluded to the operations for raising 
the ships sunk by the Russians in the Harbour of Sebastopol during 
the Crimean war. 

DiscnssioN. 

Mr. Heinke, in opening the discussion, contended that the diving- 
bell and apparatus generally (which was on his plan) employed at 
Westminster Bridge, was both simple and effective. The valve, whidi 
was in construction a double-action valve, had one great advantage, viz., 
that at great depths, by being partially closed, it allowed the dress of 
the diver to become somewhat inflated, and thus, to a certain extent, 
relieved him of a considerable pressure ; it was as simple as an ordinary 
cock, and could be regulated by the diver at pleasure ; it further did 
away with the necessity of a gauge. A second valve at the back of the 
helmet enabled the diver to stoop while working merely by closing the 
first. He concluded by stating that four years constant use proved the 
excellence of the apparatus. 

The Honorary Secretary then read an extract from a pamphlet on 
diving apparatus by Mr. S. Bamett, in which he claimed the principle 
of making the eye-piece to work with a hinge on an India rubber 
locking-piece, instead of with a screw and leather collar in the ordinary 
way, which principle both Mr. Stocker and Mr. Heinke concluded was 
not new, as they had known of its application, the one for two years, 
the other as long ago as fifteen years. 

Mr. Siebe remarked that the principle of their (the Messrs. Siebe's) 
apparatus had been copied more or less by all manufacturers. He 
considered that the open helmet was in favour with divers (Whitstable 
ones particularly), because it required some dexterity in its use ; but 
he gave the preference to the closed helmet on accoimt of its being 
workable in nearly all weathers. He further mentioned the first appli- 

D 2 
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cation of the guage at the Royal George in 1844, and entered at some 
length into the merits and demerits of the plans of reviyifying the air 
and the Nautilus machine. He concluded by remarking that, even if the 
glass of a common helmet was broken, the air-pump, if good, would 
still give stifficient air to enable the man to be saved. 

Mr. Bamett considered that the complicated construction of the old- 
fashioned guages was the great obstacle to their use. 

Mr. Ormiston remarked on the economy, in most cases, of bells as 
compared with helmets, and quite concurred with the author of the 
paper in recommending the use of three pimips instead of tWo, as the 
supply of air would be much more regular. 

Mr. Smith thought a good submarine light would be of great use to 
the diver ; for example, a reservoir of compressed gas acting on a piece 
of lime like a sort of lime light ; he had used a light of this kind for 
fishing purposes with success. 

Mr. Amos remarked upon a means of communicating signals by a 
slate and pencil which he had seen at Dover, and also on the compressed 
air i^ilm M i^i^M hridgt wodii^ as 

Mr. Young thought hig^ of tht aubmaxiiie ll|^t^ but oondenmed 

Htm revivifyiug principle. 

lb". Carrack advocated in all cases the use of the guage. 

Ifr. Biyant thought that Mr. Heinke's valve had one Important 
iitiiitag^ M it tilt Mrm the pow«r bo^ Df mamiki^ 
dasoendiog to II oiriti^ exkeak This Mr. Harrison oould not predae^ 
comprehend. Mi*. Heinke explained the point, which, however, soiiie 
members still thought was open to great doubt. 

The author, in replying, explained the mode of application of the 
guage, and the reasons wMoli ftavsmtid its soodeasful use undar mtar# 
oondludiiig bj a shoct oninpariBon cf the advantages and disadvantages 
of the several methods of producing light, and their application to 
submarine purposes. 

After a few concluding remarks from the Chair the meeting sepa- 
rated. 
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June ith, 1860. 
R. M. CHRISTIE in ithb Chair. 

ON GAS-METERS AND PRESSURE GAUGES 

By J. WiLLCOCK. 

The author began by remarUng upon the dismal and wretched ap- 
pearance of towns lighted by oil-lampa, contrasting very fiiYOurably 
illumination by coal-gas. After stating the great importance of the ma- 
nu&cture and distribution of coal-gas, as itinyolyes so much capital, he 
proceeded to make comparis(Hi8 between seyeral gas-meters, commencing 
with the original one invented by Mr. Clegg, in 1815. The remarks 
were strictly confined to wet gas-meters, deeming the subject tooezten- 
five to include dry-meters in the same paper, 

The imperfections in the measuring drum or wheel invented by Mr. 
Clegg were stated to be chiefly in the use of a Btuffing-b<nc, which con- 
nected the inlet-pipe to the hollow shaft of the wheel, as it caused a 
great deal of friction, and consequently required a considerable pres- 
sure of gas to work it ; but as being the foundation of the instrument 
at present in use, he considered Mr. Clegg's invention very ingenious, 
and that, wth a few modifications, it might have been of considerable 
service at the date of its introduction, and certainly much preferable 
to the system then carried on by the gas companies of making con- 
tracts at so much per burner. The measuring-drum or wheel of Mr. 
Malam's was next described, in which the whole of the valves, springs, 
and stuffing-box used in Mr. Clegg's meter are dispensed with, and con- 
sequently greater security could be reposed in its measurement ; a mo- 
dification of this wheel being used to the present day in large station 
meters. Mr. Crossley's wheel was then commented upon, and also the 
improvements by the late Mr. Wright, by which the measurement can 
be effected with the loss of less than one-tenth of an inch pressure. 
The author then proceeded to state that although the measuring-drum 
was the chief feature in a gas-meter, yet it was not all that was necea- 
sary in an instrument of this description when it was considered that, 
when once placed and put in working order, the majority of consumers 
rarely bestowed a thought upon it until his attention was called thereto, 
by sudden darkness, and also that it was necessary to foil the endea* 
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vours of dishdnest consumers to steal unmeasured gas. An ordinarj 
consumers' meter was then described, with all the extra appliances for 
&e above-mentioned purposes. The faults in these meters were stated 
to be, that, as the measurement is effected by the aid of water, and, 
consequently, the measuring-chambers bounded on one side by water, it 
follows that the measurement would vary according to the height of the 
water-line ; and as the index always indicated tho amount of gas that 
would have been passed through if the watar had been at the true level, 
the registration would, therefore, if the level was above or below, be 
false. Mr. Edge's meter was given as an instrument which avoided 
some of these defects, the syphon-pipe being cut down to the level of 
the true water-line ; therefore the water-line could not be raised, any 
overplus water overflowing into a waste water-box beneath provided for 
that purpose. 

To maintain a true water-line in gas-meters, or to compensate for the 
evaporation of the water, many ingenious contrivances had been in- 
vented. The first plan was by means of the bird-fountain, which was 
brought to considerable perfection by Mr. Esson, and latterly by Mr. 
Allan. One of the neatest and prettiest modes adopted was one intro- 
duced by Mr. Sanders, of Dublin, which is by means of a semicircular 
float, supported at the middle of its diameter, and weighted to half the 
specific gravity of water. Messrs. Crossly and Qoldsmith have also in. 
vented a compensating-meter, in which the level is maintained by means 
of water elevating apparatus or scoop, which supplies water to the meter 
from a separate reservoir, the overplus returning over the level pipes. 
This meter was stated to be unnecessaiily complicated in several parts, 
but the relative advantages of buyer and seller very equitable. 

Simplicity, after a correct measurement, was stated to be the most 
important point in a meter. As the apparatus is enclosed in a gas-tight 
casing which conceals the whole of the working parts, no knowledge 
can be obtained of the condition of the interior without taking it to 
pieces. 

The compensating-meter, invented by the late Mr. Scholefield, of 
Pans, was next examined, and some preference shown to it in regard 
to its simplicity and the arrangement of the supply reservoir, the 
level of which is below the bent arm of the syphon-pipe or spout. 
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Also tiie water-elevating apparatus, which' is actuated by means of a 
crank working in a slot cut in a bell-crank lever, The chief defect in 
compensating-meters in general was stated to be that the water-elevat- 
ing apparatus tended to keep the water-line either too high or too low, 
the extent varying according to the friction of the wheel. 

The author remaiked that he did not perceive the great novelty in 
the measuring-drum or wheel recently patented by Mr. Clegg, the de- 
sign being very similar to, and strictly speaking, an improvement upon, 
Mr. Malama ; the form of the partitions being made in a better shape 
to pass through the water without offsring much obstruction. The 
novelty being, he considered, the placing of a float within the wheel, 
which, by supporting it, took the weight off the bearings, and conse- 
quently diminished the friction ; whether this was advisable or not, 
experience had not yet proved. In concluding the remarks upon wet 
gas-meters, it was stated that most manufacturers now cut down the 
syphon-pipe to the true water-line, and that it was not always neces- 
sary in the kind called compensating gas-meters, as the same result 
was obtained in another manner. There is no doubt of the great 
service rendered to consumers by Mr. Clegg, the original inventor, as 
it was chiefly through his invention of the gas-meter that illumination 
by coal-gas was rapidly increased, and an equitable sale of gas by mea- 
surement effected. 

The author then described some gas-dial pressure-guages, one invented 
by Mr. Scholefield of Paris, and another by Mr. Hulett of London ; after 
some preliminary remarks upon the inefficiency of the ordinary tube, 
gauges, the difficulty of reading off the pressure through the tubes, and 
the capillary attractions of the same giving a false level to the water, it 
was stated that the dial-guages were much superior to the ordinary ones, 
as the slightest variation of pressure was indicated on ihe dial, and could 
be read with great fisMsility by workmen, whereas with the tube-guages 
it was necessary to add the depression of tiie water in one tube to the 
elevation in the other. Mr. King's guage was also men tioned, but was 
thought neither so neat nor practical an instrument as those described. 
DiscuasioN. 

Mr. Crosley reviewed generally the Qierits of the various meters 
brought before the meeting by the author of the paper, and in con- 
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sidering the question of the water-line, stated that the gas companies 
complained that it was difficult to keep the true water-line for any 
length of time, which led him thoroughly to investigate this subject ; 
the result he arrived at was, that he found the water-line, in a majority 
of the meters he examined, too high, but who it was that thus over- 
filled the meters he could not say ; he thought the consumers, in some 
cases, did it through ignorance, they thinking that by adding water 
they improved the illuminating power of the gas. 

He then stated that, when in Manchester, he had examined thirty- 
six meters, taken indiscriminately in the district, tweuty-fom* of which 
he found registered at various rates of error, from 1 to 35 per cent., 
and in some as high as 50 or 60 per cent^ ; and in another town some 
registered 63 per cent, in error. He mentioned that, in this town, he 
obtained fi'om some of the consumers their gas bills, and, upon com- 
paring the corresponding quarters' consumption, he was astonished to 
find so great a difference. He found in one quarter there had been an 
increase of 100 per cent., the next 130 per cent., and the next 150 per 
cent. ; and he acknowledged, as a practical man, such facts shook his 
maSndmoB in wet-meters, thoiigh be wm m melttr-maker. 

He did not ifirof# ^ IliijmitiiiQgii^^ Umi iq^iiBg wm imf 
liable to get oul of ofder» ttod isIm lbs mrang flgm^ ikm tcgfrtetliif 
incoiTectly, 

He then f^fygsmd to the number of lights put upon a meter, stating 
tb«t it irm nmmmx^ that a meter ihould not be overworked by having 

vibration increased m tlw iimbcr ot liiiQMiitd, Avs lommiag 

the water-line. 

He alhijied to the Act of Parliament recently passed, limiting the 
iiaier-liii% eo tbal it oouM not register more tbAn 2per omt againet the 

He explained the details of his compensating meter, and tlionglit 
that the small extra cost of it should not preclude it from taking its 
position in the market, as he considered that it was not at all compli- 
miMf mmI MUtwered ^ puzpose of keeping the water-line at its proper 

ihira no duim of ii^ git pfti^^ 
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Jwne nth. 

ADJOURNBD DISCUSSION. 

R M. CHRISTIE in thb Chaib. 

Mr. Sugg considered the author of the paper had not gone sufficiently 
into the subject, as there were a large number of modifications and 
improvements now in use of which no notice had been taken. With 
regard to cbmpensating-meters, he thought that any meter, having to 
raise the water to the reservoir by a spoon or any other contrivance, at 
every revolution of the drum, would cause a great amount of friction 
which would be detrimental to the accurate working of the meter. He 
then referred to the plan adopted by the late Mr. A. Wright, who used 
a sucker, which was raised once to every forty revolutions of the drum. 
He then explained the working of a meter, and the shape of the 
measuring-drum from a modeL 

Mr. Bartholomew considered it was essential both for the gas com- 
panies, as well as the consumers, to have a meter that would register 
correctly, and one that could not be tampered with. He then des- 
cribed his meter, which was a floating-meter, ^enclosed in an iron case, 
thus, as he stated, preventing the alteration of the water-Une, and also 
securing it against being tampered with. 

Mr. Parkinson stated that the reason why the water-spout was cut 
down to the water-line was to prevent the meter being overcharged 
with water. In describing his meter he particularly alluded to the 
working of the float. 

Mr. Mead described his compensating-meter, stating that he used a 
scoop, connected to a crank on the shaft of the drum, for keeping the 
water-box or reservoir constantly full ; this scoop raised water at every 
ten. revolutions of the drum, from the body of the meter to the small 
reservoir ; this, he considered, answered all the requirements, and kept 
the water in the reservoir at its proper level, so that the meter would 
register correctly. 

Mr. Willoock, in reply, stated he thought a float was necessary in all 
meters, and that a great deal of injury had been done by overworking 
meters, that is, putting more lights to them than they were made for. 
He stated that he had not yet seen a oompensating-meter that he 
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thought satisfactory, but believed it possible that one could be made 
to answer every requirement. 

The Chairman, in summing up, stated that the great desiderata in a 
meter were a proper and equitable measuring capacity ; and to lessen the 
vibration as much as possible, so as to keep the water-line at one level, 
thus ensuring its registering correctly. 



September drd, 1860. 
R. M. ORDISH IN THE Chair. 

ON THE CHEMICAL EXTRACTION OF GOLD FROM ITS ORES. 

By Pebbt F. Nursey. 

The author, in opening his paper, drew a distinction between the 
chemical, the metallurgical, and the mechanical methods of gold extrac- 
tion, and pointed out the necessity of a combination of the last with 
one or other of the first processes. He then proposed to submit the 
ordinary chemical solvents and tests or reagents of gold, and then the 
various methods that had been proposed, in which the main feature 
was the application of chemistry. 

The change of colour of gold, under various saturated conditions, 
and other physical peculiarities of the metal, were adverted to, and its 
behaviour, when acted on by certain acids and alkalies, noticed in 
detail. The paper went on to state that a mixture of mmnatic and 
nitric acids (forming aqua regia) most readily dissolved gold which 
depended on the circumstance that chlorine was evolved by the mutual 
action of the acids, which element was the proper solvent — other sol- 
vents were instanced. The various methods for precipitating the gold 
from the solution in aqua regia, by means of alkalies, were explained, 
and a tabular statement of solvents and reagents, with their several 
results, according to Dr. Lyon PlayMr, was submitted. 

Some organic compoimds, as oxalic acid, or even a seidlitz-powder, 
precipitated gold readily ; in using them it was important that no free 
nitro-hydrochloric acid was present. 

Yellow mica, iron and copper pyrites, were noticed as resembling 
gold in appearance, and simple methods for distinguishing them by 
chemical tests were given ; or their character might be determined by 
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the point of a knife, which their hardness reaieted, whereas gold was 
soft and penetrable. 

The process of testing quartz containing gold, platinum, and other 
metals, was explained ; and it was stated that the Tarious methods 
of treatment by the *'wet process" were not so generally used as 
mechanical means, combined with mercurial amalgamation, and dry 
testing, which latter were in most respects the best adapted for prac- 
tical purposes. 

The earliest practical application of the wet process appeared to be 
that of Frederick Moult, who, in 1716, proposed it in the reduction of 
tin ores. 

Electricity had been employed for obtaining gold from its matrix in 
1844 by J. Napier, and in 1847 Robertson used it in combination with 
heat for the same purpose. The author witnessed some results in 
1853, from the use of the same agents, but considered the conditions 
imposed by their use incompatible with practice, although he showed 
its utility conversely in the successful application of electro-metallurgy 
to the arts. 

To remove the zinc that was sometimes present in gold ores, and 
obstructed reduction, Rowlandson, in 1849, proposed to roast the ore 
at a low red heat, and then remove the sulphate thus formed by 
washing in water and the oxide by acid. 

William Longmaid, in 1852, fused the ore and precipitated the gold, 
either by its density or by its affinity for iron, pieces of which were 
introduced into the melted ore, and afterwards immersed in molten 
lead, and the gold cux)elled from the lead. The author gave the restdts 
of a trial of gold ore by this process, the accuracy of which had been 
confirmed by independent assays. 

A flux composed of either soda or potash with lime was used by 
Pidding when treating the ore in the fiimace, and the various mixtures 
of acids used by him in the wet way were given. 

Bursell's system of crushing and mercurial amalgamation was further 
chemically improved by him, by grinding the ore in a solution of mer- 
cury, or of some of its soluble salts. The atoms of gold wetted by the 
solution on their contact with the iron stirrers caused the latter to 
become coated with nmning mercury precipitated from the solution 
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by galvanic agency; the gold afterwards readily amalgamating with 
metallic mercury. 

The principlefi of Wagstaffe and Perkins* process were founded on the 
action of mineral acids upon metallic ores by the collateral aid of 
YoHaic electricity. The ores were roasted, thrown while hot into 
certain acids, and the metals precipitated by soda or potash from the 
solution as carbonates, which were ultimately deposited in a metallic 
state, either by ordinary purification, or by electro metalluigy. The 
acid solutions were afterwards neutralised by fixed a11wHKH| tvlikli gjKf^ 
uratzal mXtB of the alkalies in a oonunerdal state. 

OoBXMltliig fsM BE^t \m k«l in Mviag off milpliitr by toasliiig ISm 
mt, P0ter Qodefroy proposed to gtind and wash the ore and mix it 
with hydrate of lime, when it was consigned to a digester aud kept for 
five or six hours under a steam pressure of 80 lb. or 100 lb. per inch. 
The nilphur being thus extracted, the mixtnTt ma washed, and the 

Hi* iiillKir 4MibMd iMml^ m «fiiiion on the wm^fom ^hiBBitiiii 
IPiihaKlt of gold extraction adTaaoed in the paper without llKvliig^ Ittd 
pncHoil experience of the seveml processes, Jle thoughl^ iiowvf OTi 
idrnk Ikm agents in each case did not greatly vary. In no inwIftBwBi 
H iftlmfiiiari to imamuMm ulaao mM fstftve mA 

furnish to wmM th«fe ptnaaonni niCMwity of her saMmm, nndir 
existing inalitntlonfl^ gold. 

DISCUSSION. 

Hr. Biley thought l^t a practical man and not a chemist would find 

in only small qvmMl^f wA li» M inio mikm mam* 

Although the tests described by Kr. ITursey answer well m solutions 
containing only gold, difficulties will be found when it is associated 
wi& other metals^ and it would require special analytical knowledge to 
oMttte tiMn, The ftatiuir mmm3t to ikhk tlwfe ^fttd ooold mfy be 
obtained &om solution as a black or he&wn powte^ liM inM^ bow- 
ever, no difficulty in obtaining gold from Bolutions free from nitric acid, 
in- an exceeding brilliant condition, by the use of oxalate or tartrate of 
ioda; the gold is obtained as a brilliant sponge, which is readily welded 
by ^mmw m^ ml We* prcq^oMi ^lii mm ]^ani nnbe £ar wkapsia$ 
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teeth, and it has been used verj BncoetsfoUy. With regard to ^e many 
patents Mr. Nurney had alluded to, he thought they were too compli- 
cated, and mudi questioned their practical utility. 

Mr. Smith had been at the gold mines of Australia, where gold was 
found of different qualities, and was sometimes mixed with a black sand 
from which it was difficult to extract it. He referred to a paper read 
by Mr. Warrington at the Chemical Society in January last. 

Mr. miey said he was present when that paper was read, the puriK>rt 
of which was, that Australian gold frequently contamed antimony and 
tin, which made it so brittle that it was not adapted for coinage ; and 
much Australian bar gold had been returned frt)m the mint to the 
bank on this account. The black sand alluded to by Mr. Smith was 
most probably stream tin, or sitaniferous iron sand ; sometimes sulphide 
of antimony was also found with the gold, but its presence is most 
probably due to sulphide of antimony, which is used for refining gold 
and raising its standard by separating iron, zinc, tin, &c., as sulphides 
which float on the surface, the antimony thus alloying with the gold 
ought to be separated by another operation. Mr. Warrington found 
that by employing oxide of copper, the antimony and tin were com- 
pletely displaced, the copper alloying with the gold, a certain amount 
of that metal being required to make standard gold, its presence was 
rather beneficial than otherwise. 

Mr. Louch made some remarks on the extraction of gold by crushing 
and amalgamation. 

Mr. Nursey, in reply to observations made during the discussion, 
said he feared he had not been understood ; what he meant to say was 
that gold could not be extracted directly from the solution in a com- 
mercial point of view. 

Mr. Riley made a verbal communication to the Society on the Bes- 
semer process, and also on the manufacture of aluminium and alumi- 
nium bronze, promising, at some future day, to bring these subjects 
before the Society more in detail in a paper. 
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October, 1360. 
R. M. ORDISH IN THE Chab. 
ON THE CHALK FORMATION. 
By John Qlynn, Jun. 

The author commenced by explaining how necessary the study of 
geology is to all engineers, whether for railways, waterworks, or mining 
purposes, as estimates are often exceeded from a want of careful consider- 
ation of the strata passed through in the construction of these works. 

The formations above the cretaceous system having hem briefly de- 
scribed, the author subdivided the cretaceous system into two forma- 
tions, the chalk and the greensand. Chalk, the predominant and most 
interesting feature of the group, was then again subdivided into three 
divisions, the upper chalk, lower chalk, and chalk marl 

Each of these was considered as of an almost distinct character. The 
upper chalk, from its porous nature, one-third of which being made up 
of pores, and also containing layers of flints at distances varying from 
4 ft. to 6 ft. apart, and from 4 in. to 18 in. in thickness. As a proof 
of the regular asid steady deposition of the uppw iduiUq he mentioned 
ofie bed or ^yer of IHnts, extending between two and Hiree mflei, atl 
the cliffH east of Dover. Fui-tlier evidence of stratification was shown 
to exist, and to be easily traceable where the chalk is exposed on ita 
esi^rpment side, in which numerous quarries usually exist. 

Beddea the nearly horizontal lines of stratiflcatlon the vertical joints 
ftmad fn the upper ehalk were expUdned. 

Tubular cavities or sand-pipes, usually of the form of inverted 
cones, were mentioned as singular phenomena, which he considered 
were produced at some time by the water issuing from the chalk being 
strongly impregnated with oarbonio acid, and so carrying the chalk 
«ii»y witii it, ^ws leavfug tlie holm exoav«ted dot, ^e fllnfi'ffliere ^9 
hole is small having been left in situ., while the holes themselves have 
been gradually filled by the rain washing in the strata overlaying the 
chalk. 

Borne noted examples wvm mentioned at Higham, near Norwich^ at 
H«lMiid«a, tad «l n«xpei 
^Hm l<m«r chalk was then deaGribed aa of a nmeh harder and eloaer 
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gram than the upper, flints being rarely met with in it, and when 
BO met, only in its upper part, and then not in layers, but interspersed, 
or what is known by well-sinkers as pudding chalk ; in Yorkshire, how- 
ever, the flints are there found in layers, in the nme way as in the 
upper chalk of the South of England. 

A table was exhibited showing how much more dense the chalk be- 
comes as we descend. 

The author considered that the lines of stratification were marked 
in the lower chalk by hard veins of rock chalk met with in it, of variable 
depth and thickness. 

The chalk marl was then shown to have quite a different descrip- 
tion to its predecessor, being of a clayey substance, impervious to 
water. 

Then followed the greensand formation, comprising the upper green- 
sand, the gault, and lower greensand. 

Having arrived at the base of the cretaceous system, he then de- 
scribed the principal lines of disturbance, &ults, &c., that had taken 
place in the chalk, and the effect that they have had upon the strata 
above the chalk formation. 

To prove the marine character of this group some of the various fos- 
sils found in it were mentioned. 

The geographical extent of the chalk was shown to be very great 
extending to nearly a fourth of the whole area of England. 

Its physical aspect he described as unlike any of the older formations, 
it having such smooth and flowing lines, generally bare of trees, but 
covered with a short herbage, singularly dry, even in its numerous com- 
plicated valleys. 

Thus, having given the general features of the formation and extent, 
the rainfall over it was considered, as the amoimt fSedling in a given 
time was important. He quoted some returns of the rainfall given by 
the Meteorological Society's tables, which showed as much as } in. fell 
in 5 minutes, and on another occasion 1 in. in 15 minutes. Now, if this 
quantity fell on an impervious strata, a large portion runs ofif to feed the 
streams and rivers, but on the chalk it was immediately absorbed. 

The total mean annual rainfall on the chalk formation was taken at 
26 in. To £W5Count for what became of this water, experiments were 
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shown to have been tried by Tarious gentlemen to aacertain how 
much infiltrates into and below the soil, none of which could be 
entirely relied on, in consequence of the smaUness of the areas expe- 
rimented upon ; but the author considered it would be better to take 
the nearest agreeing with his own experience, although protesting that 
the only real means of arriving at a just conclusion was by a careful 
study of the country, its niunber and volume of streams or rivers, whe- 
ther fed by drainage or springs. 

On the chalk formation scarcely any streams or rivers are found, 
and those that do pass over it usually rise in other formation. As a 
practical example a table was exhibited of some cases selected by Mr. 
Homersham. showing a comparison of nine pairs of bridges with the 
area of drainage attached to each, one of each pair being on an im- 
pervious soil, the other on the chalk formation, in which the compa- 
rative drainage areas are as nearly mat>ched as possible. The result 
arrived at was that the areas of the bridges on the chalk were only 
from one-fifth to one-tenth thejsize of those on the impervious 
stratiun, and those in the latter were frequently flooded, while those 
on the former never varied, and rarely ran more than from one-half 
two-thirds fuU. 

So absorbing was the chalk found to be that large tracts of day are 
now drained into the chalk by means of dumb wells. 

The question of infiltration was taken at 4^*4 per cent, of the mean 
annual rainfall, which equal a supply of water ^to be obtained from 
the chalk of nearly half a million gallons per day per square mile, 
for any towns or villages on or near the chalk formation. 

The line of saturation or permanent water level was stated to depend 
on a number of conditions, and was so frequently changed by altered 
circumstances that the author could not give any direct method of 
ascertaining it, except by a careful examination of the general charac- 
ter of the strata, the dip, its amount of porosity, height of hills, and 
the general surface of the country with reference to valleys, &c. 

He, however, quoted experiments that have been tried on the north 
side of the Bexley hills, in Kent, showing the rate of inclination or 
friction line to be from 45 ft. to 47 ft. per mile ; and from another course 
of experiments from Dunstable to Watford the rate of inclination was 
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only 13 ft. per mila; and in HampshiM the nine rale of famMmtfeti, 
namely, 13 ft per mile ; theee oan be relied on in tbe partionlar line 
of section taken, but only lo ; for in one portion of the firet^Motioiied 
experiments the author found in two instanoee the rate of indiantioii 
/was from 93 ft to 150 ft. in less ihan a mile, proTing thai looid fliroom- 
stances had increased the £iU so rapidly. 

But even tiiese rates of inclination vaiy according to the time of 
year at whidi the experimental inquiiy takes place, as when the qnringi 
are at their lowest, which is usually in the month of December, the 
higher portion becomes depressed or lowered the nearer we approach 
tiie outcrop, to as greet a degree as from. 50 ft to 80 ft, and loww in 
TaIle3rB on the same line not more than from ft to 20 ft 

The author then stated that although at the escapement the dip is 
rapid, the strata speedily lose it, and gradually resume a neariy hori- 
sontal position, and these range in gentle undulations until by another 
flexure they disappear beneath the main body of the Tertiariee. 

The causes of springs were explained as a guide in the examination 
of the beet position for obtaining a supply of water, whether by them 
or the usual mode by means of wells. 

Some of the most noted springs mentioned by him were, in the 
Greenwich and Plumstead marshes, yielding from 200 to 250 gallons 
per minute. Another group by Northfleet yielding from 5000 to 6000 
gallons per minute. 

At Erith, within a length of 250 yards, yielding abont 1,500,000 
gallons per day. 

At Grays, in Essex, where a project is on foot to supply a portion of 
London, yielding 2,100,000 gaUons per day. 

At Sittingboume ; at Bourne Mill, near Famham ; at Leatheriiead, 
close to the Guildford road; at Croydon diurbh; at Can^ton; at 
Orpington ; the Holy well at Kempering ; on the south side of the 
North Downs ; at Birchington in the Isle of Thanet ; Lydden Spout^ 
near Folkstone ; the Holy well at the foot of Beachy Head Cliff, and at 
Bedhampton near Portsmouth ; and many of these now running away 
to waste, which could be well spared for the supply of many ibices 
adjacent. 

The amount of water, carried off by streams and rivers in the cbUk 
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districtBy -was ihm oompiired with the annual amoulit of nun&Il, and 
under the most duftdvantageous droumstancea, less than two-thirds of 
the amount showa to have infiltrated by the gauges previously men- 
tioned was carried off in tiiis form. He therefore considered there was 
a lai:go amount of wateri available for the purposes of town suppliesy 
to be found by means of sinking either wells or bore- holes into the 
chalk; and the quality of the water being wii^ (me exception, its 
hardness, superior to that obtainable from most oiher sources. Even 
this objection, he considered, could be easily remedied by a conqMra- 
iively inexpensive process known as "Dr. Clark's softening process.'* 

With regard to the cost and mode of sinking wells for the purpose 
of obtaining water, a laige number of examples were given with the 
cost of sinkings, and the yield of them, many only small bore holes 
of firom.6 in. to 11 in. in diameter, yielding 500,000 gallons per day, 
and of wells yielding from 1,500,000 gallons to 2,500,000 gallons per 



The methods of boring were explained from the Chinese system of 
Torscori to the more elaborate method adopted by Messrs. Mather and 
Piatt of Manchester, in which the steam-engine has been made to aid 
most materially, so that borings, that would, under the old systems of 
hand boring, have taken years to complete, are finished now in almost 
as many weeks. 

The lecture was illustrated with a large number of drawings of wells, 
bore holes, and sections through the chalk districts. 



Mr. Parsey stated that the paper was a statement of &cts that 
admitted of no ai^guinent ;,but he mentioned that during the excavation 
for the tunnel at Hampetead a layer of green sand was found embedded 
in the clay, containing a variety of fossils of fish, different from those 
l^und in the main strata. 

. Mr. Allan referred to the use of the chalk in Brighton district^ for 
carrying off the sewage inatter from the houses, which had been found 
to answer exceedingly well. 

Mr. Nursey stated that in consequence of the scarcity of water 
under London, Messrs. Read and Co, of Qrays Inn Road, and. Messrs. 



day. 



DISCUSSION. 




Barclay ancl Perkms of Soofhwaric, were obliged to brew w^ltemale 
days, as the day*B supply wa« not sofficient for both. ^ 
Hr. Qlynn was sorry that more discusnon had not taken place on Sia 
paper. He considered the questions of filtrotion, and the quantity of 
water contained in the chalk, would haye led to a variety of opinions 
being expressed. In referring to the fissures in the chalk, he stated 
that a well in Harshwell, in Hereforddbire, sank by Sir John Easthope 
to 212 ft, a stream of water was found to pasa ri^t through the chalk 
at this depth, and the force ^f the water was so great, that laige blocks 
of chalk M, ere forced up the bore hole, and were brought to the surfiuse. 

In r^ly to Mr. Pars^, he stated tiiat he had never heard of the 
green sand being found in the clay, nor did he tiiink such was the case. 

With reference to the absorption of sewage matter by chalk at 
Brighton, he said that it only proved his argument that chalk was 
capable of absorbing a very huge amount of matter ; but with regard to 
the wells at Brighton, he heard that they required being cleansed very 
oft^ — ^in some cases every three months. 

He then stated that he contended that dialk was capable of absorbing 
as much water as could be taken from it ; in proof of which he said that 
at Plumstead Water Works an absorbing well was sunk, 6 ft. 3 in 
diameter, to 60 ft ; it was then bricked down on to &e sand, which 
was 70 ft deep. The well was then filled with rubble, so as to leave a 
qpace always open ; water from the reservoir was then allowed to flow 
into the well as quickly as possible; and the whole of the water 
escaped. 

The Chairman, in summing up, stated that the information gained 
from the paper was very valuable, and from the able manner in which 
the paper was completed, it left very little room for discussion, and had 
dearly proved that dialk would not only render water in abundance, 
but would also absorb it 
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a M. ORDISH IN THB Chaib. 

ON THB PIPB SEWERS OP CROYDON AND TOE CAUSES OF 
THEIR PAILURB. 

By J. T. Kebshaw. 

The lecturer oommeaced with a bnef review of the ftrguments ad- 
duced in &Your and against using the sewerage of towns for agricultural 
purposes. 

He then gave a description of the situation and peculiar geological 
position of the town of Croydcm, situate as it is at the outcrop of the 
chalky noticing the phenomenon of the boumcyand explained the reason 
of this extraordinary flow of water. He then described the state of 
Croydon previous to the adoption of the Public Health Act, together 
with the scheme proposed (and after some modification accepted) for 
draining the town by means of earthenware pipes \ the mode by which 
the town was supplied by water by means of a well sunk, in the chalk, 
and the question of law to which it gave rise, viz., with regard to the 
right one has to intercept water in its underground flow, and so by 
preventing it ultimately rising to the ^ur£EU}e, lesseui the volume of a 
stream of water turning a mill whereby the mill owner Ib injured. 

He then proceeded to notice the causes which produced the fever in 
Croydon, and explained that, in consequence of the di-ain pipes sinking, 
owing to f&ulty execution, they, by retaining water, dammed back a 
quantity of air, which became putrid, and which air, by pouring more 
water into the drain, was forced back into the houses, and thus pro- 
duced sickness. 

The lecturer then gave account of the suooessive obstai<de8 and 
difi&culties which were thrown in the way of the local authorities in 
consequence of the feulure of their plan of filtration and deodorisation, 
whareby the water of the Wandle became fouled, causing the mill 
owners to complain and to take proceedings to prevent the flow of 
sewage water into the Wandle. 

He then reviewed the errors in principle, which had been oonunitted 
both in the original design of the system and in the construction of the 
new filter house, and showed that it was not possible to filter sewage 
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vnte by Ibroiiig it At high velocity throng^ a tmatt rartieftl filtering 
medium, but that the proper way, if it mutt be filtered at all, is to let 
it ooK throu^ a oo&Biderable horicontal eurfiice. 

He then stated that the authorities had ultimately adopted the plaa 
of turning the sewa^ oyer a small fiurm whidi th^ rsoted. 

The lecturer then concluded by describing a system of sewage oom- 
bimng the cesspool with the pipe drain, which system he submitted 
would enablo the sewage to be pr^fNoMy used as mairare. 

DiBonssiov. 

Mr. Fenton stated that^ although Mr. Kershaw had considerable 
knowledge of the system of sewers at Croydon, he did not appear to be 
aware of what had been recently eflfeeted ; being the engineer to the 
board, he could point out some of the errors of the papM*. 

The pipe service has not been abandoned, but is BtHl used to a con- 
siderable extent more especially for the branch sewers. 

Nor is the water in the rirer mixed with or pc^uted by the sewage, 
as that is now avoided in almost every case. 

Th^ purification of the stfwage ^ter was a very difficult process, as/ 
although the water ndg^t be made as pure as crystal by either per* 
chloride of iron or by lime, it soon became quite cloudy and unfit to 
be sent into a pure river. Irrigation fields aflbrd undoubtedly the best 
means of disposing of the town sewage. 

The system adopted at Croydon is to subject the sewage to rough 
filtration, and to allow it to flow over tt portion of the land for about 
* week, then to divert it to another portion. 

The crops produced by this system are magnificent, and the cattle 
feed on them with avidity, and in preference on that herbage over 
idiich the greatest quantity of feewage has plMsed. 

Since the completion of the sewers in Croydon ih» health 6f the 
town has so fer improved, that the annual rate of mortality is now 
only 15 m 1000, the average for all England being 28 per 1000. Mr. 
Kerriiaw's plan of street oesspdols would, ia his opkiion, be worse than 
ihe disease. 

Mr. Drummond submitted an Explanation of the cause of the flow of 
the bourne different to that usually accepted, via., that it arose from 
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the rtfceBses in the hilk becoming surchai^ged, as it had been observed' 
that» when the rain-ftll did not exceed thirty inches, there was no flow 
whatever, but it invariably flowed in seasons when ih/b rain-fidl exceeded 
tiiirty inches. 

The deodorisation of sewage could not be effected by lime, inasmuch 
as it was adding that whidi entirely destroyed its vahie as a faianure. 

The Croydon sewage is distributed over a hundred acres of land, 
about fifteen acres at a time over whidi it is allowed to pass for about 
a week, and is then directed over a similar quantity. It is perfectly 
harmless and in no case offensive, and tiie water which drains off the 
fields is perfectly pure ; the vegetation having deprived it of all chemi- 
cal and impure matter, and the soil of eveiything medianically sus- 
pended in itf the process vras so satisfitctory to all interested tiiat ho 
had never heard a single complaint. As regards the material for sewers 
he, from experience, would recommend pipes for branch sewers up to 
ten inches in diameter ; but for main sewers and branch sewers above 
that diameter, brick sewers were no doubt to be preferred. 

Mr. H. P. Stephenson fully concurred with Mr, Drummond in his 
last statement) but reminded him that the Croydon Board had originally 
intended to construct their sewers entirely of pipes, which system they 
would probably not now advocate. Mr. Kershaw's plan appeared to 
possess no advantage over the old system of cesspools, except perhaps 
that of affording more convenience for emptying, while the separation 
and loss of all the liquid and valuable part of the manure would render 
the residue of no value as a manure. The plan adopted at Croydon 
had also been tried at Watford and Rugby, but in the latter case with 
no advantageous result, the fields being in some cases very offensive, 
and the effect on the crops not what was expected. The Leicester 
sewage has been deodorized with lime, but the product cannot be sold 
so as to realize a commercial profit. 

Mr. Riley said there could be no greater mistake than to suppose 
that the solid port of the sewage was of any value ; it is merely the 
soluble part that gave it value. The chief dififtculty to be contended 
with was the amount of water mixed with a comparatively small 
portion of soluble matter. Soil is the natural as well as the .best 
purifier of decomposed matter, which it deodorises and prepares to be 
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taken n^hj the roota of pkntt. Animal and peatcharooa) mre tbeon]j 
actual deodorisers we know of, but their application on m large aeale 
would be difficult and-ezpensive. The separation of the solid from the 
liquid matter is quite useless, as it would be much better to jwmp it at 
once on to the land, taking oare to proportion ^e ^oantitj to the 
surfigtce operated on. 

Mr. Morris described a plan somewhat similar to the cesspool plan of 
Mr. Kershaw, but more perfect, yiz^ that advocated by Mr. Kirby . The 
sewage is remo'wd from the cesspools by back drainage, thus diqwosing 
with the use of carts, and is then mixed with sulphuric add. 

Mr. OnnistoQ was of ofinion that pipes were quite inadmiasahle as 
main sewers, except in eases where great falls could be obtained. He 
alluded to a town containing 400,000 inhabitants, where deoderisation 
had been toed unsuccessfully with both lime and charcoal. Hie common- 
sense plan was no doubt to spread ihe sewage over the meadows ; there 
was, however, great difficulty in procuring sufficient area of land near 
large towns. 

Mr. Siebe described the cesspool system adopted in Paris as being 
very offensive and unwholesome. The cesspools there are emptied by 
means of carts constructed like boilers, and in whicba vacuum has been 
previouBly formed. 

Messrs. Willcock and Toung confirmed the opinion of the last speaker 
as to the offensive nature of the oesspool system of Paris, and did not 
consider that Mr. Kershaw's plan would be any improvement on it. 

Mr. Fenton, in reply to questions from Mr. Qray, stated that fourteen 
acres of land would take all the sewage of Croydon for a week, the 
substratum being gravel ; in fact, he had good rye grass growing on the 
bare gravel, nourished by the sewage alone. During the first twenty* 
four hours none of the sewage passed over the land, but by the ead of 
the week as much, passed over as through. 

The Chairman considered the result of the discussion appeared to be 
that the use of pipes in town drainage was only advisable to a certain 
extent. Irrigation appears to be the only way of disposing of town 
sewage, but the main difficulty seems to be to obtain a sufficient 
acreage to absorb it. Lime as a deodoriser has in every instance fisiUed, 
and its use is almost universally discontinued. He considered the 
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9ubjMt one of grt«t imporUnce, and from Uie pitper and ibe disoosuoB 
much valuable and practicable information bad be«n elicited. 



December Srd, 1B60. 
H. P. STEPHENSON m Tm CHim. 

ON STREET RATLWAYa 

Bt Cbao. L. Light. 

The airthor, afl«r adverting at oooilderable length on the origin and pro- 
gress of tramwajiy in which he proved that, for a period oi 000 yearSf thegr 
had formed an important fiMttnre in the mineral working of this oonntry, 
and in later years had, in various parts ot the kingdom, been used under 
various modificatkms, for the transport of passengers and merchandise. 

During his residence in Paris, in 1858-4, he had the opportunitj of wit- 
nessing the oonstmetion and working of, he believed, the first horM railway 
in France, via., ham the Place de la ConcordB to Passj ; and altltough the 
system as there applied contained many good features, still for stieet traffic 
or ciowded pnbUo thorongfafium there were many points highly <^jectian- 
able. Since that period an extension of the ^stcm has been made with 
varions modifioataene. 

In New York street railways have been in use for some eight or ten 
years, having been introduced by a Frenchman (Loubat) whose name is 
well known in connection with the system* In the extension <^ the systom 
in New Y(ark by other companies various modifications have been made, 
none of which, however, answer the purpose satisfactorily, at least so fur as 
tb^ effiwt npm the ordinary street traffic Is concmed. 

The badly*built track, dangerous rail, and miserably ccmstructed cars of 
the New York street railways, tended greatly to throw discredit on the 
qrstem generally, and lor some years prevented their adoption in other 
cities, and although in Boston (which was the second dty in America to 
adopt them) various companies bad held Acts of the Legislature for the 
construcUon of street railways, for a period of two or three years they could 
not obtain a location for a ringle line in any portion of the ci^y or its 
suburbs. To the New York (and the then cmly known) principle, great 
opposition was brought to bear, by influential bodies, and owners of real 
estate, on the various proposed lines of route. 
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AlUr oonsdemUe agitation nd the expeoditim of eontlderablo Mmn of 
monej in opposing the Kbeme, the airthor was conaiilted by rarkraa partiea 
holding these charten as to the best means of getting orer the difficnltj. 

The siAJect, and the manj d^Bcahies he had to contend with (and tliere 
wefe many, some of them live ones, and there are a gnat many such on the 
other side of the Atlantic), cost him much and anxious consideration. At 
length, however, he overcame them, as may be seen from the section shown 
in Fig 2. 

Having aooompKalied this resolt, he submitted his models to several inflo- 
ential gentlemen, who highly approved of hit plan. He laid them before the 
mwMcipal aathorities in oonneil, who were so satisfisd as to its saperiority 
that he Immediately received permisiion to lay down a section of the Metro- 
politan line between the cities of Boston and Roxbory, consistfaig of a doable 
line 1| mile long. 

One month only was given him for its accomplishment, and he had the 
satisfsotion of comnleting it in twenty-one w<nrking days, and with this 
gratifying issue, that he not only received a very handsome bonus, but had 
immediate orders to proceed in the constmotion of this and other Unas. 
The hitibsrto principal opponents to the scheme being so satisfied with his 
improvements that no ftirther oppodtion was offisred in any quarter, and the 
system waTcarried out in the dty of Boston and its suburbs to the extent 
of nearly fifty miles. 

At the time of commencing the construction of street raflways in Boston 
be had not visited New Toi^ and was conseqoently unaoquainted with the 
exact principle of construction and condition of their roads. 

In the month of February, 1857, however, while travdUng through the 
States, he had ample opportunity of examining the New York street railways, 
and he was not at afl surprised at the amount of opposition brought to 
bear against the introduction of the system into other cities of the Union. 

The rail Fig. 7 was of the worst form for ordinary street traffic, and firom 
the method of fixing it to the longitudinal sleepers was so soon thrown out 
of order, that in a short time it became a perl^ nuisance, and exceedingly 
dangerous fbr the wheels of other vehicles to come in contact with. 

Owing to the stringers or longitudinal timbers being chamfered to permit 
of the saddling of the rail, there was very little actual bearing for the rail 
left, and the result was (particular]}' at the intersections of streetsX that 
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ftom the constant transvene traffic of heavy teams, the jails were in a very 
short time worn loose upon their bearings, and in some instances he had 
witnessed the rails when the lar has passed on to one end of its lengths, 
rise np on the other end, and, fislling, send the mod fijing in all durections. 

The onlj reason he conld assign for this state of things being permitted was 
the fact, that the groove in the rail was so dangerous to the light wheded 
vehicles of New York, that the drivers shunned the track altogether and 
left them, without complaint, an uninterrupted right of way, at least so far 
as the tracks were concerned- 

The bad conditicm of the rails necessarily rendered the pavonent bad also, 
and the ruts and pools were such as would not have been countenanced in 
any city or tovm In England for a single day. 

It will be at once apparent to any practical mind that a perfkt system 
of paving in connection with street railroads is of the first importance, and 
for th&s reason, because ordinary vehicles of this or indeed any and every 
other country, are not gauged to one track, but range from a gauge of 4 ft 
to 7 ft., and as in practioe it is proved that drivers will on a good line of 
street railway, invariably drive with one wheel «n the track, it iMidtfl in 
the tendency to wear a rut on the outside of the opposite rail, much to the 
detriment of the tra<^ and roadway. 

This fact determined the author to pave on the outside of the rails with 
Mock paving in courses, header and stretcher as in Hg. 1, of granite, to 
obviate what aiqseared to him (and which in practice proved to be the fact) 
this difficulty, iridch would prove so detrimental to the cause and action of 
tramways. 

Several companies objected to tiiis system of block paving on the score 
of expense, and, in some cases, his arguments in £ftvour of its adoption were 
unavailing, until after the lines were worked for some time and the treasurer 
was called upon ropeatedly for sums of money for the repairs of paving 
when it was decided to adopt his (dan. 

The item of paving in the proper construction of a street railway, either 
for dty or suburban routes, is one of the most imposing, but, notwithstand- 
ing this fiict, it is of the utmost importance to have it done thoroughly well 
at the outset, and he thought that, with a concrete bottom and grouted in 
as in London cit^ paving, it would prove the cheapest in the end. 

During the past ten years there have been many attempts made to intra- 
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dace street railways in London, and many different plans have been devised 
by as many difKnpent peraoos, but, ap to a very recent period, without 
success. 

Three years ago, on the author's return from America, about the time 
that the *^ London Omnibus Tramway Company*^ were applying for powers, 
he waited upon the secretary of that company, and, at his suggestion, be 
saw Mr. Samuel, their engineer, who was then engaged upon a plan which 
he felt sure would meet the &te which it did, and which it deserved. 

He was invited to send in his plans, but time did not allow of his doing 
so before the bill was rejected by Sir Benjamin Hall, and so tiit afi^ (for 
the tune being) fdl to the ground. 

Since then he had taken every opportunity of advocating the introduction 
of street raflways for passenger traiBc, and laid his plans before Sir John 
Katclifle, when Mayor of Birmingham, Alderman Kinahan, of Dublin, and 
other influential men, but without any practical result. The attempt to 
introduce the system into Eu^^and is no novelty, but has 1>een advocated 
over and ovw again by different parties (Mr. William Bridges Adams among 
the number), long before its introduction into New Tork, but has as often 
failed, owing, no doubt, to the want of sufficient supporters, coupled with 
the almost insurmountable difficulties always thrown in the way of every 
new project, however good it may be. 

Thus its introduction, in a practical character, in this country is made by 
an American (Mr. George F. Train), who has unquestionably exercised a 
vast amount of talent and energy, coupled with a fair proportion of tall 
argument in support of the scheme, not forgetting the interests of sundry 
speculative Americans. 

To Mr. Train there is, without doubt, a vast amount of credit due for the 
unflinching way in which he flghts the up-hill battle he is engaged in ; and 
although he acted most judiciously in practically develoiang the system as 
at Birl&enhead, the author considered he had made a fotal mistake in laying 
down so imperfect a rail — imperfect, because it is a nuisance to tlie ordinary 
traffic, and one of the worst sections that could be devised. 

This is a serious matter, for, as bad news always travels fiister than good, 
so is the fact of this rail being a nidsance within the knowledge of every one 
at all interested in the matter throughout the whole country. 

To construct a tramway or street railway sufficient for the purpose of a 
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tramway proper, U oae of the moit simple thiogii imaginable ; bat to oon- 
struct a street railway to meet all the oootiogenciee of a tramway, to obviate 
difficulties with the ordinary street traffic, and to leave the public thoroogh* 
fares in a conditioa above fear of dissatisfaction, is a very different mat- 
ter, and one that challenges (if the scheme is to be brought to a snceeesful 
issue) the most serious consideration of all parties concerned ; and, as Mr. 
Train has biurrowed his designs and ptUetUed impravemenU in track and 
cars from one source or the other, the wonder was that he had not borrowed 
a better style of rail. 

Usurpers invariably ^*put their foot in it'* somewhere, and this is Mr. 
Tnuu*s quagmire. The line, as laid at Birkenhead, as a pattern-card of the 
system which he advocates, the author feels satisfied will meet with dis- 
favour, and even supposing it is allowed to pass muster at Birkenhead, he 
is certain it can never be laid with success in the thoroughferes of the 
metropolis. 

The reader's objections to Mr. Train^s raU (Fig. 6) are these:— First, it 
offers a great impediment to the public traffic, and is consequently a nuisance, 
and would be complained of as such. Again, the rail as laid (and also, 
according to the specification of patent recently obtained by Mr Train), is not 
level with the street ; ndther has it a groove, but a raised surface or tread, } in. 
to 1 in. above the plate or base of the rail (we will assume this raised sur- 
fece or tread to be level with the ordinary surfiicc of the street), and, con^ 
quently, the base plate of the rail (to allow of the free action of the flange 
of the wheel) and also the pavement between rails, must, of necessity, be 
from } in. to 1 in. below the street-level. Thus it is obvious that the breaks 
ing up of the surfece of the street is both dangerous and difficult to the traffic 
of ordinary vehicles. But this is not all : supposing that one wheel of an 
ordinary street vehicle is running upon ope rail of the track, and has occasion 
to turn out on the side on which the wheel is binding or shouldering on to 
the tread of the train rail, he contended it would be impossible to do 
so at a less angle than 45 degs., which would invariably be unattain- 
able in the crowded streets of L(»idon, or, in fact, in any important city 
whatsoever. 

Thus the result would be either a wrenched wheel, or what is quite as 
probable a serious accident* 
The author was sure, it would be at once obvious to every gentleman 
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pn&scA that, in the gsMrally greMy oondiftioB of our streeta, it woidd be 
impoeaible for a w h e el to moiiBt the raised ledge of tfaia ndl at an oUbm 
angle. 

The aathor finds, also, im Mr. Train^s qiee i ficat k n, that he dafans the ose 
of the two mner raUa of a double tnA (or, at least, the base plates of those 
two rails) as a tramway for wdinary wheeled vehides. This, in practice, 
would certainly prove a follacy, for the Tariety of gnage of oar ordinary 
vehicles would render it not only useless but dangoous ; and we should find 
some few vehicles that would gauge snffidently nice to become locked in the 
embrace of the raised portion of the rail. 

The reader advanced these objections sinqily as matter worthy to be dis- 
cussed, and with a desire for the development of the system of street railwajrs 
in this country in its most perfect form, and, therefore, in that form whidi 
shall tend to its certun success. 

He was inclined to think that Mr. Train has doubted the success of this rail 
for London, or why not have long since given a practical test of the S3rstem 
in some oi the suburban thoroughfares whidi have been located *' to him? 
and thus in solving the problem, closed the mouths of the opponents to the 
scheme, who are daily becoming more powerful. 

Mr. Train is unquestionably a most able and energetic advocate, and has 
worked well for those speculative Americans by whom he is accredited to 
cany out their sdieme. Tou may rest assured oi the foct that there are 
some very large pluau in the tramvHXf pie to induce American capitalists to 
invest thdr money in the scheme in this- country ; to agitate the question 
among the whole community ; to publish addresses and pamphlets ; to get 
up flaming lithografdis of b<urrowed designs, &C., to say nothing of the 
expense of getting up cards of invitation to the crowned heads of Europe — 
are in themselves iaeta which leave little doubt as to the result to be obtained 
from the American introduction of street railways in England. 

We have pretty good evidence of what might be the result, from the fact 
that on the introduction of the system into New York the lines were cou' 
stmetfid by a few enterprising individuals at a cheap rate, and afterwards 
transferred to a company, on consideration of its sharehdders subscribing to 
the tone of 800 per cent, on the original cost of the line. 

Among the various systems proposed for the furtherance of the scheme, 
and for whidi the sanction of Pariiamcnt is sought, is that of Mr; Hugh 
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Greaves, in which he proposes to construct a street railway combined with 
a system of double breasted gas or water mains or pneomatic despatch pipes. 
This sort of thing may be very well in theory, and may look very well on 
paper, providing it is nicely coloured ; but in the author's opinion it is too 
complicated in its character ever to arrive at any practical issue. 

The difficulty of making connections, of harmonising the route of a street 
railway with a gas, water, or Pnenmatle Despatch Company would prove 
difficulties not easily surmounted ; again, to lay pipes sufficiently near the 
surface to form a compact superstructure, and to admit of perfect paving 
would, I think, be troublesome matters to contend against; I am inclined 
also to believe that a superstructure of cast-iron pipes would emit a 
very disagreeable rumbling metallic sound on the cars travelling over 
them. 

There is, however, in Mr. Greaves* proposed plan much novelty, the ad- 
vantages of which can only be developed by experiment. 

Another plan spoken of^ and which there is some talk of bringing to a 
practical test, is that of Mr. Curtis. His proposition ia to construct a oai^ 
rlige (Ui Ibet one Is atrtftdy eonslraetti and can be seen on the platform of 
the Great Northern Railway at King's Cross) like a monster omnibus and a 
railway car oombiiie^ capable <tf accommodating 50 persons, to run on rails 

mdiamy London cab honm 

The carriage to weigh 3 tons and its load 4 tons more t thus we are In- 
formed by Mr. Curtis, in liis letter to the Daily Telegraphy that vuth this 
load of seven tons drawn by two ordinary cab horses, he can travel at Uie 

tOwroiMiit^ffiitirii aH i npUi er. 

He woeldttot dwell on tiits extraordinary proposition fturHier than to state 

that he had seen the carriage of Mr. Curtis passing through Westminster 
()rawn, he believed, by four horses, and a pretty hard task at that without 

isd fs at onee a departure ft&m tlie time theory aeiion of trmat*- 
ways. 

The meaning of a tramway or street railway is a road by whidi the 
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tare of powor. Now, in Mr. Cartb*! plan, this principle is set aside; for a 
departing with a load of seven tons from the rails is at once departing from 
the advantage of a street railroad, and bringing it with its load to a dead 
lock. 

In Manch^ter Messrs. Greenwood, the omnibus proprietors, are experi- 
menting on a somewhat novel adaptation of tiieir omnibnses to the tramwaj 
system. If he was rightly informed, they are laying down iron tram platfls 
'»f the gauge of their omnibuses, and level with tiie sui&ce of the road, and 
in the centre between the tracks, a grooved raO ; under the centre of the 
•carriage is rigged a guide wheel which can be raised or dq>reesed at the 
pleasure of the driver, into or out of the oentre of the grooved rail, and thus 
fonn another application of the tramway system to existing omnibus stock. 
It is certainly a novelty and worthy of the experiment Messrs Greenwood's 
are making, but he feared would not be found ef much advantage over the 
M stone tramway in practice. 

The plan the author most strongly advocated for street rail ways,, and to 
which he drew especial attention, is shown in Figs 1 and 2, and as a 
natural consequence it was his own; his reasons for arriving at this most 
favourable condusion is not based altogether on the theory " that eveiy fiither 
thinks his own child the fairest," but on the &ct that, in practice, it has 
proved the most simple in its construction, the most efficient in its woridng, 
the least objectionable to the or^aary street travel, and the chei^>e8t in its 
cost and maintenance. These assertions he was in a position to prove by the 
testimony of very high authority, among whom he mentioned Mr. Enoch 
Train, the eminent American shipowner, and relative of our enterprising 
cousin, Geoige Francis Train. 

On referring to the drawing it will be seen that the superstructure is of 
timber, and constructed somewhat in the usual manner, with one or two 
improvements to which he invited especial att^tion. 

The timber used is spruce fir, cross-ties 6 in. x 6 in. and 7 ft. long, the 
longitudinal 8 in. x 5 in., in lengths of from 15 ft to 18 ft. ; in notching 
out the cross-ties (which are placed 3 ft. apart) he preferred to undercut it to 
better hold the longitudinal, which is cut tapering in its section, and, by 
means of the hard wood dove-taild key, is the more firmly secured in its 
position ; the whole of the timber should be Bumettised to prevent its decay • 
aiid, when properiy- straightened up to its defined linef and well packed with 
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gravel, at onoe raDd«ri it a most permanent and elastic saperstrnctiire ; the 
section of rail shown has the advantage of haying a bearing its whole width, 
and, when spiked down with 4 io* spikes, 6 in. long, is immovable. The 
advantage of this section of rail over all others is simply because it offers ^o 
impediment to the ordinary traffic, and is perfectly level with the snrface of 
the paving ; the groove, if it can be termed such, is only sufficient to allow 
of the firee rotation of the flange, which, in its action, frees itself firom the 
obstructions of stones or mud, by forcing it up the inclined piane of the 
inner section of the rail ; the peculiarity of this section obviates any difficulty 
to the free action of ordinary wheels, inasmuch as we have no tyres in this 
country sufficiently narrow to be affected by it ; and if by any possibility 
tyres should be found sufficiently narrow to feel in any degree the effect of 
the groove it is immediately freed by the slightest deviation from the course 
of the tramway, and then mounts the indination of the plane. 

The rails used by the author in America were of cast iron, in 6 ft 
or 8 ft. lengths, the ends were provided with doweUs and cores placed 
diagonally, which entirely prevented working at the joint, and when secured 
to the longitudinal timber, with four spikes to each length, left it as near 
a continuous rail as possible. His object in using a cast-tron rail in such 
short lengths was to obviate a difficulty which is brought about by the 
action at the frost on the surface of the ground, or rather the breaking 
up of the frost, for by its expansion from thawing, the surface of the 
roads are lifted into transverse undulations, and, lifting the track, bend the 
rail where wrought-iron rails are used, start the spikes by which they are 
secured, disturb the joints of the rails, and after the roadway assumes its 
original surface leave the rails hogged up," and away from their super- 
structure. The short rails and dowells obviated this difficulty, by acting^ as 
johited vertebras. 

In this country, there being no similar cause, there is no necessity for . this 
provision, and the same section of rail may be used in wrought-iron in 
long lengths, with a similar provision of dowells for the security of the 
joints. 

Assuming that we have a perfect system oi tramway judiciously located, 
and well constructed, they are unquestionably an immense advantage for 
city and suburban traffic for all large and populous districts, and nAadiMj 
adapted to new countries^ and mon especially to our ccdonies, where the 



65 



present system of expensive communication cannot be maintained without 
positive loss to the propiietois. 

Among the many advantages ennmerated in fiirour of this wyt^/tta in sew 
eonntries, or where it would be injadicioas to resort to the more expensive 
methods of nulway construction, are the foUowingf viz., cheapness, simplicity, 
and rapidity of constmctioB, economy in woiking expenses, comparative 
small cost of maintenance, great advantage as military roads in offering 
fadlities of transport from settlement to settlement, and in the great advan- 
tage to agricultural districts in th^ transport of produce and merchandise. 

The system he should propose for new and isolated roads hi colonial settle^ 
ments would consist of an devated track or embankment, say, 8 ft. high, 
with dykes on either side, and with a formation level of not less than 9 ft. 
in width for a single track, such surface to be macadamised level with the 
rails to form a perfect highway suitable for the passage of troops, Ac 

The cost of such a single Hne of tramway and embankment to cost not 
exceeding jC1,200 per mile, or a double line of rails for up and down traffic, 
Ttith the surface of roadway 25 ft., £2,400 per mile; such roads could be 
easily widened out and improved as progress of time might require, with 
great fkcility and small cost by means of such tramways. 

In London particularly there is much to be considered, and seriously 
considered too, prior to their introduction into our crowded thoroughfares, 
firstly, he considered it would be a most hazardous proceeding to attempt to 
introduce them into the streets of London (even with the sanction of th^ 
vestries), witliout an Act of Parliament, for it would involve the qiiestfoil 
of the riisbt of any parish or municipal body to give the monopc^y, or ex- 
clusive right of way, to any speculative body or public company. An Act 
of Parliament would not only give power to the projectors, but would give 
proteetiofi to the public, and ensure the adoption of the most perfect system ; 
for he presumed nothing would be adopted until its merits and demerits were! 
fully ^scussed and approved by the engineers appointed for the purpose by 
the Board of Trade. 

Assuming its adoption in the metropolis, he was convinced no route could 
be worked suocessftilly without a douUe track ; and to allow of this, no 
thoroughfiure can be traversed, less in width than 35 ft. between the curbs, 
with safety; for, allowing a gauge of 4 ft 84 in., and bars 7 ft. wide over 
all, with a space of 2 ft. between the bodies of the cars, we shall have <Jnly 
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-9^ ft, on each side of the street left for the passage or ordinary vehicles. It 
is urged that, where the thoroughfares are too narrow to admit of a double 
line of rails, the difficulty can be overcome by working single up and do^vn 
lines in parallel streets, as in Philadelphia. He would readily grant that it 
might be done in a city so beautifully laid out as Philadelphia, with its streets 
running at right angles to, and parallel with each other in its whole length 
and breadth ; but in London or any other English city, excepting in some 
few instances, it would be totally impossible to carry cut such a proposition 
to any useful extent ; no street, even to admit a single track, could be 
sucoessfiilly worked with less than 25 ft. between the curbs, for the reason 
jkhat, in all cases, the double or single track must be laid in the centre of 
the street, to admit of teams or vehicles drawing up to their destinations 
and discharging their loads or occupants, as the case may be. 

With these objections and difficulties surmounted, street railways are a 
great institution, and offer such advantages over the present miserable omni- 
bus system, that, sooner or later, it must (where feasible) be adopted and 
come into general use. 

tim admtifM «f Ikt i|nlmi m%mtm^>-^WlMl&ff Itt mmM H h 
tboon, inasmuch as ears oecapyiag less space in width carry ^mAIi^m 
number of passengers, thus reducing the number uf passenger vehicles one- 
haU^ and confining those vehicles ro one defuiiMl line of travel. 

Xnereaiad comfort to passengers, with greater safety and less noise) m 
giMt radofiltiMi In the wear and tear pwUie thmaiiibfymik «mm»- 

QfuUft fiusllittes ci fagrm and egresa to the passengers and steadinew of 

motion, a greater rate of speed is obtained with a less tax upon horseflesh, a 
load of sixty passengers being drawn at the rate of eight unllea an hour with 
MMi bff • pair of cobs, which last longer and thrive bettar tea waim ilM 
t^wtmof their graatast task— that of atfti^^ ^ TiMrta m lb« 
i!fppc«T pavements^bditig traiiiftrr«d to the brake. Hiese af« 9mm of 4iMi 
many advantages of street-railways over the omnibus system for fi fty ioA 
suburban traffic. For short branches to steam roads and for loci^ Intfe^ 
tramways are admirably adaptod, and, if introduced years ago aa %MmcbM 
ii onr M&i Unas, would have acted as tributaries rather ihm Hm Mim 

viaw. M to wti n w it imem him m bettor proof <tf Uia fmA than tim^ 
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Amaricaiis are not only willing, but are spending enormoas tuma of mooejr 
in endcftvonring to obtain the monripoly for tfadr conatmetion in tliia country. 

For ttatiatica of coat, working expenses, and returns of lines in operation 
in Ammea, he coidd not do better than refer the meeting to the interesting 
pamphlets pubH^ed by Mr. Charles Bum and Mr. Train. 

In conclu<Sng this paper, he mentioned that his object and endearours 
had been to lay before the members his opinion, based on personal ex- 
perience of the various ^stems of tramways pr(^>osed for adoption in this 
country, of their merits and demerits, with a view to arrive at the most 
perfect system rather than that a good thing should be spoiled by a bad 
adaptation of it. If his humble endeavours had thrown any light upon the 
subject, or in discussion they shoald tend to any improvement and further 
developments of the s^'stem, he was gratified and rewarded for his pains. 



Januai^ \ith, 1861. 
J. AMOS IS THE Chaib. 
ON STREET RAlLWAYa 
Bt C. L. Light, 
discussion. 

Mr. Curtis said that he had lived sufficiently long to know that there 
was nothing more agreeable than to pass compliments upon those with 
whom they were associated; and therefore it was that he could not 
help speaking of the valuable informtion which Mr. Light had given 
them in liis paper. With regard to the tramways in France, he might 
state that in the years 1853 and he had an opportunity of witnessing 
the construction of the extension of the Passy line to the Place de la 
Concorde ; he hid also a personal acquaintance with Mr. Loub&t, the 
inventor of that system, a gentleman of high and scientific attainments. 
He considered his cars very good, and he had no doubt but tramways 
were very good things if they could overcome those objections, which 
would unavoidably attend their introduction into this country, namely, 
right of way, ftc. Mr. Loub&t had a double line of tramway for a 
certain distawMi, when the line diverged, which got over the difficulty 
af MMWimtering carriages coming in an opposite direction. It was 
quite true they could get off the rails easily enough, but it was with 
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great difficulty the carriages could be got on again. Mr. Loubat had 
told him that on a paved road the rails were kept very clean, and 
wori^ed well, but when upon macadamized or gravelled roads, the 
grooves become filled, which completely paralysed the whole affair, not 
excepting the poor horses. The remedy was this : they reduced the 
flange of the wheel, giving more clearance ; which made a most material 
alteration for the better. 3£r. Loubat showed him that the flange was 
a distinct wheel which obeyed ^e law of its own motion. The rail 
required for a public road must be of the narrowest kind possible ; and 
the greatest fi&ult in the section before him (No. 7) was, that if a horse 
was taken over the line it would invariably dislocate its fetlock ; and he 
did not believe suoh a rail would be at all adaptable to London. 

Mr. Curtis then described his own patent street railway car, to which 
he used two wheels (instead of one wheel with a flat tyre and flange, 
as used on railways), the flat tyre to receive the weight was upon one 
wheel, and the flange for guidance on another. Being placed in 
juxtaposition, the two revolved about the same axis, and operated as 
one, serving all the purposes of a flanged wheel. By a system of 
leverage the flange wheel is lifted off the road, leaving the tyre wheel 
untouched. The carriage so furnished might be made to traverse a 
road where there was no tramway, and differing in no respect from the 
carriages in use on every turnpike road. By putting the lever into 
action the wheels ceased to be flanged, the car could leave the tramway,, 
traverse the common road in order to pass the ear which had possession 
of the rails, and then, by putting the flange in action, again pursue ita 
journey on the rails as before. 

Mr. Waterhurst considered there was nothing particularly new in any 
of the sections of rail exhibited. He had had considerable experience 
in railway and tramway matters in connection with the late Mr. Brunei, 
on the Gi'eat Western Railway. With regard to the practicability of 
laying down tramways be could not for one moment conceive the 
possibility of laying down a line from Temple Bar to Ludgate Hill 
either with profit or advantage. There were vested rights to consider ; 
and obstacles would be created by men of influence. He thought 
tramways might be laid with great advantage on circuitous routes fron^ 
the west to the south-west, to the city by the Surrey side route, but he 




69 



did not think that street railways would ever become general in crowded 
thoroaghfSetres. In country and suburban districts they would be of 
great advantage. With regard to Mr. Curtis's carriage he considered it 
possessed great advantages over any other that he had seen. The 
simplicity with which it was converted from a railway carriAge into a 
common road carriage he thou^t admirable. He did not see the 
slightest difficulty in doing what was proposed, viz., in running on and 
off the rail at pleasure. 

Mr. Glynn had heard that a great objection to Mr. Curtis's car was 
the difficulty of stopping it, — that his carriage, travelling at the rate of 
eight miles an hour could not be stopped in a less distance than 
250 yards. He had seen one of the London three-horse omnibuses, 
with a load of forty-two passengers, stopped on a slippery tramway of 
stone, in a space of fifty yards ; and he did not see why a car with a 
load of fifty passengers could not be stopped in the same distance, if the 
breaks were properly managed. He considered the objection urged 
against Mr. Curtis's car would be entirely obviated by a better and 
more perfect application of break. 

Mr. Curtis replied by stating tiiat the breaks used on his car were 
precisely of the same powerful character as those used upon railways. 
With regard to the regulation of the flange, it was but the work of a 
child. 

Mr. Meredith thought the construction of street railways with cast 
iron rails was quite impracticable, as they would constantly be broken 
by the cross traffic, and likely to give way at the joints, which he 
oonsideted should be firmly fixed on a hard bearing, and he was of 
ojanion that if street railways were introduced at all in the proposed 
form, the permanent way would have to be gradually increased, until 
they were as strong as any of our railways, before all the difficulties 
would be surmounted. 

Mr. Le Feuvre had understood from Mr. Train that the cast iron 
rails introduced by Mr. Light in America had proved a failure. 

Mr. Lockwood considered that an important element in the con- 
struction of street railways was to ascertain the cost of the horse power. 

Mr. Kiley considered the cost of the horse power was one of the first 
items to be thought of ; for so great was this expense found to be in 
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large, iron works in Wales, where the system of horse railways had been 
in use for a very long period, that locomotives were now in nearly all 
oases taking the place of the horses. 

Mr. Young was of opinion that all systems of street railways should 
have a fidr trial, until one was found to overcome the various objections. 
He estimated the cost of the horse power at ninepence to a shilling per 
ton per mile, whereas steam on common roads cost only threepence 
per ton per mile. 

Feb. Uh, 1861. 
H. P. STEPHENSON in the Chaif. 
(Adjourned Discussion.) 

A communication from Mr. Brydges Adams was read by the Hon. 
Secretary in which he advocated the use of locomotives as preferable to 
horses for street railways, and thought that such railways would never be 
sanctioned in the crowded thorough&res of the metropolis. 

Mr. A. Williams considered that any rise of the rail above the roadway 
would be detrimental to the general traffic, and that if street-railways were 
adopted it would be necessary to obtain an Act of Parliament, in order to 
secure the vested rights of the inhabitants, and thought that from the posi- 
tion occupied by such tram-roads, viz., on the surfsu^e of the roads, they 
would be justly liable to a higher rating as compared with gas or water- 
pipes. 

Mr. Smith thought that street railways would prove a good investment — 
as in New York, Tramway Stock was about the best in the market — and if 
the New York system laboured under the disadvantages spoken of in the paper, 
he saw no reason, if these disadvansages were removed by constructing the 
roads in an efficient manner, why they should not pay much better. He 
had seen the tramroads in New York in a very bad c<mdition and full of 
holes, but still, even with very inferior horses, the cars travelled very fast. 
He advocated the use of large carriages, as much time was saved by the 
conductor having the facility of being able to pass up and down the centre 
to collect the fares during its progress. 

Mr. Louch advocated the use of small locomotives on tramways in 
suburban districts in preference to horses. 
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Mr. Olynn stated that tramroads judicSonsly laid down would act as 
feeders to the main lines of railways, and could be made ayailable both for 
passengers and goods traffic^ 

Mr. Light, in reply, stated be did not advocate the introduction of tram- 
ways into the crowded streets of the city proper— feeling that it is next to 
an impossibility to do so to any useful extent. He saw no possibility of 
crossing the city of London with a tramway, except from north to south by 
way of Farringdon-street and Blackfiiars-road ; true, it is quite possible to 
run a line firom Bayswater to Farringdon-street by way of Holbom, but no 
farther eastward. Where, however, any line can be laid perfect and inde- 
pendent in itself the omnibuses of these lines would be taken off and the 
street railway cars would take their place, offering many and unmistake- 
able advantages, teamsters would soon be taught to respect the law of tram- 
ways — for he assumed that no one would attempt to construct street-rail- 
ways until their introduction is legalized by an Act of Parliament, for he 
contended that it would be madness to attempt to do so without one, as it 
would inevitably lead to a battle of right-of-way/ In the United States 
this question is entirely settled by a clause in the Act of the Legislature of 
Massachusetts as follows : — Sect 4. If any person shall wilfully or mali- 
ciously obstruct the said Corporation in the use of said road or tracks, or the 
passing of the cars or carriages of said Corporation thereon, such persons, 
and all who shall be aiding and abetting therein, shall be punished by a fine 
not exceeding five hundred dollars, or may be imprisoned in the common 
gaol for a period not exceeding three months. If said Corporation, or its 
agents or servants shall wilfully and maliciously obstruct any highway, or 
the passing of any carriage over the same, the said Corporation shall be 
punished by a fine not exceeding five hundred dollars.'* Thus it will be 
seen, lawful protection is given to the Tramway Company and to the public. 
Some *gentlemen question the possibility of traversing sharp curves with 
tramways, he could assure them there was not the slightest difficulty. He 
had worked curves of 33 feet radius without any trouble. 

Cast iron rails laid in combination with a timber superstructure, as 
shown in Figs. I and 2, are equal to any weight that ordinary street loads 
would ever subject them to : he would have no fear of -running a 30 ton 
locomotive over them at a speed of 20 miles an hour. After his own expe- 
rience in the use of them in the States where, during a period of two years, 




72 



along a dock dde road with heavy teams contiaoany trayerBing, he never 
knew an instance of a broken rail. 

It is stated that they will wear out rapidly, and that in Boston they 
were found to be a failure, except on curves. In reply to which he could 
assert most poaitively that it waa only at the emres that therS was any 
risible wear and tear after a use of two years, it stands to common sense 
that at curves of 83 to 40 feet radius^ traversed by cars with their wheels 
keyed Cist on to the axles, there must of necessity be a good deal of wear 
and tear at those points, and which would be considerably reduced as the 
cars left the carves for the straight line ; of one thing, however, he Mi 
satisfied, and that was, that the use of cast iron wheels with chilled tyres tend 
greatly to wear out cast iron rails, and he should always advocate the use of 
a wooden centered wheel with a wrought iron tyre for the purpose of a street 
railway. 

To use cast iron rails without the interposition of a timber superstructure 
would be fatal to them, as they would undoubtedly break, not only at the 
dowells but in their length. The weight of rail used by him in America, as 
fhewn in Fig. 2, was 75 lbs. per yard, they were 6 feet long, and he never 
had the slightest difficulty in getting them cast perfectly straight, where an 
even quality of metal was used. 

To the use of iron superstructures there are many objections, viz : — cost, 
rigidity, great difficulty of working curves without great expense, difficulty 
of lifting roads for repairs, diversions, &c. In using Bumettised timber 
there is no fear of decay, is easily and rapidly laid, and capable of working 
curves, &C., &c., witfaT facility. In all large cities with its gas and water 
sj'phons, plugs, &c., great difficulties and expense would be incurred by the 
use of iron superstructure, which would be entirely obviated by the use of 
timber, owing to the facility with which timber can be used. 

With points and crossings properly constructed no difficulty would" exist, 
as they are, or should be, made rigid castings, without any loose tongues or 
parts. In America he found them to freeze in winter (when made with a 
loose tongue), and liable to get out of order at other seasons by vehicles 
passing over them. This difficulty was entirely obviated by casting them 
in one piece with chilled points. 

It is evident that all the merit of Mr. Curtis' invention is in the wheels, 
which unquestionably display a considerable amount of ingenuity, not- 
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wklistandkig the. fact of their requiring pieces of leather ' iickeA o» tQ 
fiaug33 to prevent theui failing in their operation. It "will at once 
•pektant SUs!^ anything of a complicated character is highly objectionahle, 
and where we have to resort to the tacking on of leather straps to tramway- 
wheels, doubly so. This- reminds me of an American who was higltly 
iudigoantf simply, becaus* he could not prevail upoU me to ns6 or advociUe 
his "patent anti-friction axle boxes" on my streetcars; my reason for 
not complying was simply that his axle boxes weighed 4 cwt per set of 4, 
and the prioe of which was 100 dollars or £20 per set, without any 
equivalent advantage. 

Mr. Curtis stil adheres to his statement that, with a pair of ordinary ca^ 
horses, he can cany 60 or 70 passengers, which, together with the carriage 
weigh 7 tons, on the rails and off the rails, and depart over the ordinary 
njads at the rate of 8 miles an hour. This assertion he could not believe ; 
but if what Mr. Curtis states is correct, then the reader contended he had 
no necessity for a street railway at all, and his invention, carriages, patent 
wheels, moveable flanges, leather and tacks, at once solve themselvei into- 
nothing better than an east-end 3-horse omnibus, and thus we have no ner 
cessity for the adoption of Mr. Curtis's plan. 

Having no patent for his own system he could not fairly be taxed with 
personal motives in advocating any particular system, and he could assure 
every gentleman present that although he spent three years in the perfection 
and construction of tramways in America, and sacrificed considerable time 
and money in the enterprise, his only object is to see the best system adopted 
in this country whenever or wherever it may.be carried into effect. This he 
would say, that ui point of simplicity, permanency, and in answering all the 
requirements of a street railway, without interference with orduiary traffic, 
he hack yet to see a better plan than what is shown in Figs. 1 and 2 and 10, 
and which he chumed as his own. 

What projectors of street railways must confine themselves to in the first 
instance, is in developing the system on our important snburi)an thorough- 
fares, and in roads sufficiently wide to admit of double tracks, for no road or 
street less ui width than 35 feet would be found in practice suitable in crowded 
citias. In reference to the working of gradients there are none in London or the 
tnburbs offering any serious impediments. Where any gradients occur ex- 
ceeding an inclination of 1 in 80, he would add another horse, as is done 



74 



tsmj day at Holbora Hill. The following daU will show wliat power i« 

fftlned by the nie of iron ways, over ordinary roada : — 

I^nbat gives «s the effective power of a horse on an irou wa); 4ver Umt 

of an ordma'y road : — 

On a level, aa - ... ... 8 to 1 - 

On an inclination 1 in 33 3^ to 1 ■ 

t, In 16 ij to r 

1 » 12 li to 1 

This, he presumed, wonld show sufficient advantages for an advocacy 
the system of tramways of iron. 

The Oliairman, in summing up, stated the conclusions arrived at fit)in At 
discussion were, that street railways could not be introduced into the crowded 
streets of the metropolis, or in streets of less width than 36 ft. ; but that, ia 
agricultural and outlying districts, they would be valuable adjuncts to th« 
existhig railroads, and he hoped that, as soon as any of the proposed street 
railways were in operation, the subject would be again brought before tUe 
Society. 
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SOCIETY OF ENGINEEES. 



EULES AND BYE-LAWB. 



g^^f This Society was established for th^ discus- 

sion of scientific and other subjects of general 
interest. 

The Election of Membebs. 

1, The Society shall consist of members of only 
one class. 

aJJtion ^* ^ ^ elected by ballot ; one third 

black balls to exclude. 

IS^,^ 3. Candidates for membership to be proposed by 
a member of the Society and recommended 
by at least three others; the proposer to for- 
ward these particulars to the Secretary at 
least seven days before any ordinary Meeting; 
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Expulrion of 
Meniben. 



If ode of 
Blection. 



Number of 
Officers. 



the ballot to take place at the conclusion of 
such Meeting. 

4. No member to be expelled without the con- 
sent of at least three fourths of the members 
present, or by proxy, at a Special General 
Meeting, called for such purpose. 

6. Members to have the privilege of issuing 
cards of invitation for two visitors at each 
Ordinary Meeting. 

Exiles fob th Election and Pbogeedinos of 



6. The officers of the Society to be elected at 

the General Meeting of the members in 
December, each year, by ballot. 

7. The officers shall consist of a Committee of 
seven members, in addition to the Past 
Chairmen of Committees, and Honorary 
Secretary and Treasurer, who shall be mem- 
bers ex officio. The Past Chairmen to be 
limited to six, to retire by seniority, but to 
be eligible for re-election on the Committee. 
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^^Z** 8. A member (m)t being one of the 

ii km m Aatttary -vte fSudl make 

his report at the first Ordinary Meeting 
in each year. 

9* Four members to be a quorom; the Chairman 
to have the casting rote. 

10. The Committee to elect their Chairman by 
ballot, who shall be Chairman of all Meetings 
throughout the year. 

11. In the absence of the Chairman at any 
Meeting, a Deputy shall be nominated by 
the Committee. 

^^^^^^^ 12* The Committee shall have the sole • manage- 
ment of the fdndsy and the entire superin- 
tendence of the Society. 

Selection of 13. The Committee shall select the subjects and 

Snbjectfor 

papers to be read and discussed at the 
Ordinary Meetings. Members wishing to read 
a paper, or who wish to have a particular 
subject discussed, must notify the same to the 
Committee. 



Qsonnn. 



Electioa of 

Chairtnyn. 



KoBunfttion 
of Bepmty- 
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J^J^gj^f. 14. A Special Meeting of the Committee shall 
be called on the requisition of three of its 
members. 

Retiwmentof 15, The Committee to retire each year, but to 

Committee. ^ 

be eligible for re-election. 

Wtto^f^ 16. The Committee resigning office shall pre- 
pare a list of proposed new officers, which 
shall be sent to each member with the notice 
of the General Meeting. 

wiS^^to be^''^* member offering himself for election 

Committee. on the Committee, must give in his name to 

the Committee on or before the ordinary 
meeting in November. The name of such 
member shall be appended to the list pro- 
posed by the Committee. 

Election of 18. Members who do not attend the General 

Committee. 

Meeting should forward the above-named 
list to the Honorary Secretary, with such 
alteration in the names as they desire, 
which, with those from the members present, 
shall be handed to two scrutineers appointed 
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Equality of 19, 
Votes. 



Election of 
Hon. Secretazy 
<uid Treasurer. 



by the Chairman, who shall ascertain the 
number of votes obtained by each member; 
and the Chairman shall make known the 
result to the meeting. 

In case two or more members have the same 
number of votes, the election of such members 
to be decided by lot. 

The Honorary Secretary and Treasurer to 
be elected by the members of the Society, 
and to be nominated in the list of officers 
proposed by the Committee for the year 
ensuing. 

The Honorary Secretary and Treasurer shall 
keep the funds and accounts of the Society, 
which shall be open for the inspection of 
any member. 

Stibsceiptions, &c. 
Entrance Fee. 22. An entrance fee of ten shillings to be paid 
by members on election. 

The annual subscriptions to be ten shillings, 
and paid in advance. They are due on the 
first day of January in each year. 



Funds and 
Accounts. 



Annual 23. 
Subscription. 
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j^S^* 24. Any member joining the Society shatl p«y 
his entrance fee, and annual subscription, 
which shall be considered as paid only to the 
31st of December ensuing. 

So^to^te' Members whose subscriptions are unpaid are 

not qualified to vote. 

subecriptions 26» Members whose subscriptions are in arrear 

m arrear. ^ 

for three years, to be struck off the register 
of the Society. 

Meetikos of the Society. 

27. The ordinary Meetings shall be held on the 
second Monday in January, and the first 
Monday in February, March, April, May, 
June, September, October, November, and 
December, unless otherwise specially ordered 
by the Committee. The Chair to be taken 
at 7 o'clock, p.m. 

g^fO^ 28. A Special General Meeting of the Society 
Meeting. gj^^jj ^ye called on the requisition of eight 

of its members, who shall send to the 
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General 
Meetmg. 



Voting 
by Proxy. 



Notice of 
Meetings. 



Order of 
Boainess. 



Committee the resolutions to be proposed by 
them at such meeting. 

29. The Chairman to have the power of direct- 
ing the manner of discussion. 

30. There shall be a Oeneral Meeting held 
within the first fortnight of December in 
each year, to elect the officers of the ^Society 
for the ensuing year. 

31. Members are entitled to vote by proxy. 

82. The Honorary Secretary shall write to every 
member at least four days before each ordinary 
Meeting, naming the date of the same, the 
subject of the Paper, and by whom to be 
read; likewise the names of Candidates for 
Membership, and by whom proposed. 

83. The Honorary Secretary shall commence the 
proceedings of each meeting by reading the 
minutes of the one preceding, the abstract of 
the paper read, with notes of the discussion 
at the previous meeting, and the names of 
the gentlemen proposed for election. 
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34. Premiums in Books, not exceeding the value 
of Six Pounds, will be given annually for 



year. The decision to be left to the Com- 
mittee, who are disqualified from receiving 
premiums. 



PubUcationof 35^ After each Paper is read, the Committee 



are to decide whether it would be desirable 
to publish it, and, on obtaining the author's 
consent, are to arrange with the Editor of 
a Scientific Journal to publish the whole or 
part of the same. 



^1^**^°^' 36, No alteration to be made in the above Eules 



and Bye-Laws without the sanction of a 
Special Meeting called for that purpose. 



the best Papers read during the previoug 
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JTeireA ith, 186t 
JAMES AMOS IN THi Chaib. 
ON PIBE-CLAY MANUFACTURES. 
Bt W. H. Stifhihbov. 

Fire-clay, and its manuBetcturMy are eyerj day beoomiiig more gene- 
rally understood, and taking their place as an impinrtaiit bcMuli of 
national and commercial ent^rise. 

fWclay is found in Wales, Scotland, Stourbridge, Leeds, Dorset, 
Surrey, and Newcastle ; the relatire merits of which are best shown bj 
their commercial value. The auUioz^s remarks were mainly confined 
to the nature, manufncture, and use of the Newcastle day, with whidh 
he was more intimately acquainted. 

Among the various deposits which have succeeded the formation 
of the primitive rocks upon the sur&oe of the globe, there are certain 
earthy strata of veiy considerable extent composed chiefly of silica and 
alumina, partly in combination, and partly in mere mechanical mix- 
ture with other less prominent and essential ingredients. These strata 
are characterised by the veiy minuie state of division of their partides, 
and their want of firm connection or solidity. It is to this peeuliar 
structure that the most valuable property of day must be ascribed— 
that is, its plasticity, or the property of forming dong^ with water, 
sufficiently soft to take the most delicate impression from a mouldt 
and so deficient in dastidty that even the slightest indentation is 
lasting and persistent. 

By fiu- the greater number of days are so intermingled with sub- 
stances foreign to them in their original localities, or have iem pri- 
marily derived from such compound spedes of rock, or, lastly, have 
been so very fiur removed by the agency of water from the sources of 
their different constituents, that it is next to impossible to trace back 
the course of their formation to its very commencement ; although the 
days may be viewed in general as the remains of certain rocks whidi 
have been decomposed by various agents, chiefly atmospheri<^ which 
have, in a word, been weathered ; yet Uiere are fow cases in which the 
production of clay has occurred in the immediate locality of the rock 
whence it is derived, and in sudi a simple manner as to enable its origin 
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to be traced in all partioukris and established indubitably by chemical 
fiujts. 

The most prominent physical properties of day are its plasticity 
and behavionr when exposed to heat. By simple diying, at a tem- 
perature fiur below red heat» its particles collapBe, the primaiy pores 
h sss m » owKtMMtad, and a ▼vty muck more densv ntMs ti obta&ed, 
whl^ beooasea m ha»d timet It will no longer tak» ixnpt«s8i6«^ 
although it is still sufficiently soft to be cot WHii a kaifb, and w^ 
trssM -Mk water iv again eonTerted into dag^ with the oiti^baiy 
propcvtisB* 

Ibqsosfltt to themost tetenseheai that can be artificiaBy ptodneec^ 
olay vefkMs to become liquid, and acquires at most a slight degree ti 
flexibility. Its particles then cohere so strongly together tha^ the 
bnit* nuls9 is hard a«d sonorom, ahhougfa still porous enough to 
a b s tib wrterwfth avlclity. Aithoujgh it no longer MUa to pieeei^ but 
retajas its'oomteeied fbnn, it wffi easily be coneeit^ed that th» naittffe 
of day must be fttty mueh modifled by an aidmi:Ktttre of foni^ 
maHirs portiesshig c^tSbaif properties. These foreign matters may 
eithnr be oeioriituted of undecomposed detritus of the rodbi fronr 
widdi the day Itoslf derlTM its' orfgin, or of others which do not belong 
to the dasr of sidbBtaneetf whicit yield day by decomposition. The 
dMtwter at tbMsr fordgn admixtures causes great tariatien in the 
notvrerof thv diftwat days, and gives rise to the varfous denomma- 
tiona by wiidi they ore known; The ingiiedietfts which most affect 
the quality of the clay are sand, iron, lime, and magnedb. 

The plastidAy of day dtwinidies witfef the amount of any one of 
these smbetaDote whieb it* oeniain% as they a»e not plastics 

The'qualijby ia afftdted ts&^ tnost maxked maimer by sand, sofiitf* 
what less by Ubm^ aaft revy tilttsr by oxide' of iron. Whett dsy 
oonteiaa^ixonraiid liBM<^e aetkm oif heat upon it is Tsry ^Sfeteak : tho 
siHea, ahutrinay hmm, and hnm thwitonn together a= mixture similar to 
that empSoyed ifr the maoEuflicture of bottle glass, which mdts in 
Are with mtfre or les» esae, adooniing as it containB much* or Uttle of 
th« two iatfter ingrecBents. Magnesia exerts ksa ii^uence upon the 
chanoter of ther day; the more quarts and sSica enter into the 
coxttpo(Mott of the day the loss ea^ will ii be of fusion, aivd afl 
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m&m ci iroB 6r liatd oaa be MmeM by a ltfg» qtMrtHy of tliki 
iogEidi«iil» 

Fiie^kj !• cofOUSOBljr lonBd in th* eoA mmm eB, a gmideptli 
frcm the siir&ee, but ii not uafreqiieiitly h^n^eni that It lief <m the 
top. The atii&or^s experience wae whii olay at eome oopeMeraMe 
d^th, and lying (at Throddey, Neweastle-npon-T^^ immediat el y 
QBdmeath ihe coal formation ; its thiekneee yariee aeoording ta cir- 
cumstances, in Bome plaoee 8 ft, and in others redneed te 18 in. Am 
a nde it is tmj strong and hard, and cannot be worked te adfantiige 
wiUioot the aid at gunpowder. It would be needless to iiec spi t uk ta 
the' ordinary working of a^ ooal mine ; but snffiee it that the diqr* on 
being raised to the saHboe, Is laid oui in long parallel heapsi si^ SO II. 
high, bang 20 ft wide at the bottom^ and tapering to fk at the top; 
A. series of ridgee is thus formed^ purpo8ely» howerer, in ordev to 
collect aa much rain and snow as posriWe, which, combined with the 
direct action of the atmosphere, soon reduces that which was at one 
time hard and retentiTO, to a soft, oomparatiyely plastio state, DtflR*" 
enee of (pinion ensts among manufhcktrers as to ^ policy of adopting 
this i^slem* inannudi as to cany it out fiilly a very large oapitid it 
necessary, and which for the time being lies dormant. 

The sole adyantaga accruing in keeping so large a stock is, that it 
is mote easily pulrerised and reduced to powder,- thereby causing a 
oonndonbla saving in eng^e power, labour, and expense. To cany 
oattiiia method to ite ftdlest extent no clay ought to be used until it 
has been exposed to the action of the elements fbr at least two years. 
It adghi ttot> be always oonyenient to lay out so much capital in dead 
fMk (the establidmieni with whidi the writer is connected nerer has 
le» than 20,000 to 25,000 tons weathering, every ton of which has 
coi* Ssk 6d») ; therefOTS it is best to allow each manufitcturer to consult 
his own inta»est. After the cky is brought to the works the first 
process is that of grinding*-the most approved plan is that of two 
Urge stones^ say 10 ft in diameter, and 20 in. wide, hooped aU tound 
wiUi Jion» and revolving dowly on a cast-iron pen, or bed-plate, which 
in soasS' works ia also made to revolve very slowly the contrary way to 
thastones* The toug^ clay from the pit being oonvenientJy placed for 
the workman, is cast under the edge stones, when ib is ground to a 
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opme ^powder, which Mia thtoag^ open grating in the centre of 
the bed-plate, whence it is lifted in the sifting cylinder by an endless 
chain of buckets. The clay, as it passes down the cylinder, is separated 
into two parcels, the coarse, or that which is too large to admit of its 
being passed through the meghes of the cylinder is retomed by a long 
wooden spout to the null, where it a second time is ground, whilst the 
fine particles are received into an endless belt composed of glased at/k 
cloth, and ponTeyed into the mixing pan, or pug-milL 

Up till within the last few years the process of pugging was pe^ 
formed entirely by the feet. A great advantage is gained by treading 
with the naked feet, as the workmen is enabled to feel whether anj 
stones are mixed with the clay, in which case he removes them ; more 
water was then poured on the ch.j if necessary, and then again fresh 
day, until the whole becomes so stiff as to impede the action of the 
feet Wherever there is an extensive bed of fire^y, and a regular and 
considerable demand for bricks, &c, where permenent brick woiks oan 
be established, and more costly and practicable arrangements are neoss- 
saiy (as in the Newcastle district), the preparation of the clay is carried 
on with much greater care and more expense, and generally with the 
assistance of machinery. 

Some manufacturers prefer allowing the pugged ola7 to lie and 
aweat for a few days in a dark place, thereby giving greater ease and 
facility in working, the day being rendered of a more plastic nature by 
the delay. Others remove it immediately from the pug-mill to be 
moulded into bricks, retorts, &c. 

Brick moulds are made of various materials, some of brass, cast in 
four pieces and rivetted together, others of sheet iron cased with wood 
in the two longest sides. Iron moulds are acmded but not wetted. 
Copper moulds are an improvement on the iron, as they require neitiier 
sanding nor wetting, and do not rust ; they, however, are expensivdi 
and do not last long, as the edges wear down very faet. 

The cost of moulding bricks bears so small a proportion to the total 
cost, that it is questionable whether the application of madiinery fof 
this purpose in small works would effect any ultimate saving; numerous 
inventions have been patented, but few of them can be said to have 
proved successful. 
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The moulding operation in the ordinary brickworks is simpler than 
is the case with any other kind of day ware. 

The workman is supplied with a stock of day (from the pug-mill) 
by his side, a table or bendi before him, and two boys or hdpers. The 
mould is larger in proportion than the finished brick, owing to tiie 
contraction of the clay in drying and burning ; tins, of course, -varies 
under different circumstances, the tougher and finer the clay the 
greater the oontraction, and vice ver$a; in general, 1 in. to tiie foot 
is the calculation for contraction, and the moulds must be made 
accordingly. 

' The usual size of a brick is 9 in. long, H in. broad, and 24 in. 
tiiick. 

The mould itself only makes the four narrow sides of the brick, the 
one broad sur£GU» being produced by the table which supports the 
mould, the other by a straight piece of wood, with which the workman 
removes away the excess of day, by drawing It straight along the 
upper edge of the mould. To prevent the clay adhering to the mould, 
it is from time to time damped with water, which causes the moulded 
brick to separate from the mould without bending or loss of time. 
The operation is conducted as follows :— The workman throws a lump 
of clay with great force into the mould before him ; the mass, which 
has become flattened by the shock, is forced into the comers by one or 
two rapid strokes with the hand, and that which projects beyond the 
mould is taken away with the flat board. By a sudden and peculiar 
twist of both hands, the workman deposits the brick fr*om the mould 
on to a thin board previously placed before him for ttie purpose ; one 
of the boys in attendance immediately places another similar board on 
the top of the newly-made brick, and thus carries it away between 
these two boards. Meanwhile another brick is made as described, and 
thus the process continues during the hoiu^ of labour. The bricks are 
placed in long rows edgeways on the dry flats, a space equal to the 
thickness of the board, say, i in. being left between each brick, in 
order to give vent to the steam generated in drying. 

The drying sheds or flats consist of long floors, say 90 ft. by 
80 ft., with flues running the whole extent of the building. It is 
desirable not to have the length of these flues more than, say, 
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being used. 

In »Mi BMUudiMUriM tlnM drying flftU am bO' eoMftamied that 
tlMM i8Maplerii(K)m«r aceamodBtiimlw In tbis cue 

ike moolflkn are'nc^cr atopped, and are not required to vemo^e'tiMir 
tiOdee or hmotkm froa plaee te plaee. From thirty^ to I6rlrf«|^ 
boors ia cal onla ted qilite wiftoiwit fcr drying fcrieka ; bo that^vbiletbe 
moulder and bia bo/a am dcpoaitng brieka on one part ih» Mat a 
gang of men and beya are engaged in ckaring away tbe Meka &om 
anotber part 

Tbe nomber of bricka vihkh. a workman can mouid in a day of ten 
boura ia always yery considerable, but depends very mucb upon tbe 
ability and atrength of ^ moulder. With cUy m good order a skilled 
workman can make 2,000 to 2,500 marketable iMricks in a day : thus 
taking 2,000 bricks as a fiiir arerage day'a w^srk, and cakmlating 3a. 6d. 
lar the man, and aay la. 6d. for two boya, we have 58. pmr diem, or 
2s. 6d. for 1,000, the cost in moulding, whidi is about the priee usual^ 
paid. mere moulding of bricka ia eonaequently a very cheap pro* 
ceea. The cheapnesa and simplidity of the hand procees renders it 
difficult to derise machineiy that shall supersede it ; the produce of a 
moulder is nearly equal to that of a machine, and the i»riQEie cost and 
expense of keeping machine in order is only likely to be rem^erative 
where circumstances are Tcry favoiiraUe, and a great ontlay of capital 
ia deairable. Theae combined ciroumatanoes seldom ooeur together. 

The intmst of capital, the necessity of keeping a machine oob^ 
atantly at work, and the cost of the motive power whidi auob machines 
require, demand a constant and yery eKtenaiye market for the produce* 

It may, however, be if^teresting to notice Uie principle upon which 
the machines are constructed. 

I. Machinet with Actual Moulds Similar to Hand MoMi, 
A single mould is used> which is filled, smoothed, and moulded by 
machinery. The mould is first brought under the clay machine to 
filled, after which it passes under that part of tlie machine which 
presses the clay into the mould, and, lastly, is deposited exactly abor9 
a piston which from below raises the brick out of the mould. 



Tbaso m» amoiged npsn « wuMmg fkk^ or upoa the ciomd 
siis£M04a£ M ejliiider. Bi tlM ibrsi omo tk« motion k either budcwmrds 
aad fiumrdB^ or rotetoij rowod a perpendiotikr axil ; in tho aeooiifl 
aM»it » i»tetory:immd a horiaoatal axk. In FotefikL^ maeluM, ftr 
n atiam pinta pveBtoa the di^ contained m a ejiiBdMr en io a 
moyable motild frame, which forma iiie boMom of the oylindar. Thia 
QiMUd fraoteia divided into a nuaibar of <{aacbnngalar oemfaiimenta 
(vf^bkh aee^e bri^cBoaldB) and tamored baekwinla and forwank, so 
$ksA the half of the menlda are alteraatelj brought under the 
{Hftoii, and ffiUed, whife :tiie other Jialf are diadiaiiged an a drying 
board by a part of the apparatus which j^iMdies the brkks out d the 
OBWsdda. 

m. Mcidtines whWi produce a confintmu Strip or Band of Clety, and 
sutmquewtly cuit it into separate Bricks, 

A strip of this kind forms a parallelopipedon of indefinite length, 

iinekness of which corresponds to the thickness of the bricks, and 
its width to 'flieir breadth. "Wlien therefore a piece of this strip is 
cnt off of liie length of a brick, it will correspond exactly with a brick 
in dimensions. The production of the band of clay in this machine is 
li^iinilar to that practised in manufacturing maccaroni, or to the process 
of wire-drawing, i.e., the clay is deHverei from the clay mill into a 
cylinder, the piston of which forcibly presses the contents through an 
aperture of the dimensions stated above; the strip thus produced 
passes through rollers which improve its shape, and is then received 
upon a horizontal sur&ce, where it is cut into lengths by wires moving 
in a vertical direction (up and down). 

The operation of drying the green biicks requires great care and 
attention, as much depends upon the manner in which they are got 
into i^e kiln. The great point to be aimed at is to allow each brick to 
dry uniformly from the fiice to the heart, and thus to present a smooth 
even surface throughout. 

After remaining on the flats tiH sufficiently hard and dry, they are 
built up in the kilns, when the operation of burning commences. 
Brides are burnt, as may easily be conceived, in a variety of ways. 
Cost and custom must be taken into consideration. There are many 
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ways of constractiiig kOns, and Bcarody any two are ezacUy alike. 
Tha drenlar kiln, or cupola^ is domed oyer at the top, whence its name 
li darired. The fire-holes are merely openings left in the thickness of 
tiie wall, and are protected teom. the wind by a wall built roond the 
kiln at a sufficient distance to allow the fireman room to tend the flues. 
The cupolas are used in Staffordshire and the neighbourhood, and the 
heat employed in them is yary great. 

The c<nnmon rectangular kiln, as used in the Newcastle district^ 
is fbrmed by building four walls endosing a rectangular space;, with a 
narrow door-way at one end and also apertures or arches for firing at 
the same end with the door, the flues being placed at the opposite end 
aru\ leading into the chimney. 

The usual method of placing bricks in the kiln is to cross them, 
leaving spaces between each brick for the passage of the heat; but 
there are objections to this, as many bricks show a different colour 
where they have been most exposed to the heat. 

In burning bricks that require to be of even colour, this is guarded 
against by placing them exactly on each other. On first lighting a 
kiln, the heat is got up gently that the moisture in the bricka may be 
gradually evaporated. 

When the bricks are thoroughly dried, which is known by the 
steam ceasing to rise, the fires are made fiercer ; as the heat increases 
the fire holes are covered with iron lids or doors to check the draft, 
and when the burning is completed they are plastered over to exclude 
the air, and the fires are allowed to go out. After this the kiln is, or 
ought to be, allowed to cool very gradually, as the soundness and 
quality of the bricks are much ii\jured by opening the kiln too soon. 
Under ordinary drcimiBtances a kiln of fire bricks, containing^ say, 
12,000 bricks, requires from the commencement about five days for 
the burning process, and during that time will consume 12 to 15 tons 
of coals. 

As before stated, the relative merits and value of fire bricks d^)end 
upon their fire resisting qualities, and hence depend upon the pro- 
portion of silica they contain. 

In an analysis of several kinds of Newcastle clay. Dr. Bichardson 
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wliilst ^ke amount of silica in No. 6 is to the total amount of the bases 
as 100: 16 in No. 2 it is as 100 : 86. These clays are mixed in 
diiferent proportions, according to the object of the manufacturer. 

Hie price varies according to quality, and averages, say, 408. to 508. 
per 1,000 in the Newcastle district. When, therefore, it is desirable 
to jHTOCure a first-class article, a chemical analysis, although it cannot 
sfipersede an actual trial, may be of the greatest service, as the days 
seldom or never come up to what is required of them, and only acquire 
the requisite properties by certain additions, and the choice of these 
additions must, in the first instance, be guided by the results of the 
chemical analysis; such additions are absolutely necessaiy, as fire- 
clay must not <mly be infusible in the fire, but must likewise not be 
subject to crack and fly. These properties are most important. The 
chief cause of the cracking, or the contraction of the clay, must there- 
fore be lessened by tiie addition of substances, which do not shrink 
-diemselves, and, on the other hand, do not impair the refractory nature 
of the day. 

Pure sand and previously burnt fire^y are the substances most 
commonly and appropriately used. 

The process of fire-clay retort making on the most approved 
principle, and as at present practised in the Newcastle district, was 
then explained. 

Referring to the period when the fire-clay has been drawn from the 
mine and undergone the process of weathering, that which is intended 
for retorim has been kept separate for that purpose, while greater care 
and attention has been bestowed on it^ in order to pick out any pieces 
of coal or iron with which it may have been associated. This, althou^ 
seemingly an insignificant, is a very important part of the manufacture, 
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inaamuoh as a very small piece or i>artiole of ironstone is sufficient to 
damage and spoil a whole retort, and thereby occasion otmsiderable 



The clay having been thus thoroughly examined ahd approred^ is 
next ground in a shnflar manner to ordinaiy fire brick clay, excepting 
thai the partisles am not gMttad so fine (the average sise of the Mibes 

through which the clay passes for bricks is, say 5x6 to the inch, 
whereas for retorts it is as large as 8 x 4 to the inch), and in order to 
tender the retorts porous, a pi^portion oi jxike or saw4a^, «ayi to 
\ the weight of the wbolie is added to the jgro<:l«y, a^d mixed up 
with kIv both in the gnndipg and pugging process. The pu^miH, 
thffoi^ which this jcetort clay passes, is generally lopger and wider 
tbun the ordinary brick clay pug-mill ; or, instead of thi^ it is not un- 
usual to pass the day through two pug-miils, the one deUyeiwi^ into 
Uie other, so as to insure the day being well worked and of a proper 
QODJUstency. 

The jnanu&cture of clay retorts was iotxsisxlj carried on by ma- 
chinery, but now the same objection may be said to exist jigaiBst this 
method, as we have stated to be the case with regard to machinery for 
brickmakii^. The result has, thecefore, been that vetort^naking by 
hflAd has . now become the nde> and by machinery the VAry rare 
excei^aon. 

The hand building is i)erformed by small lun^ of day b^oig 
pressed i^gainst the side of a mould or drum the required shape^ and 
this continued till a height of 8 in. or 10 in. is obtained, the walls being 
gradually built up according to two woocUoi guides, the one of which 
indicates the thickness, say 24 in. to 3- in« — ^the other the outwaoxi shape 
of the retort. 

;Some days are more plastic than others, and will, oonsequ^it^, 
bear a higher or longer building, but in general 9 in. are «uffident at 
once, in order to ensure soundness and firmness. This process of 
building is continued ey ^ day, or as often as necessary, till «ny length 
of retort is obtained, the top end always bdng k^t perfectly moist, to 
guarantee perfect adhesion throughout ihe whole. The fiats or lAieds 
in whidi these retorts sure made, are constructed in like manner to Uie 
bcidc fiats, excepting thftt motQ height is allowed from the leyd.of the 
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kept bwrning under the floor an wbioh tbe retorts ar« hmng built, 
and thisprooass of dryiag is pwlupt «ne of tbe moti kaportent of tha 
maaufiictuia. If Dot«Mmfiilly aad profterly dried, orMk» will them «11 
ov«r the surfftoe^ the colour of the fracture will not be umfbcw aad the 
cedtorts eeseatially bed. 

It waeetoted that 4sok» and sMrduet w«re JDoixed with t^ leky, ia 
order to make the whole laaei poroui* To i«oyide agUnit the poro«l|r 
of 4ibe letorts eMuing a lofis of gm, a eomposition at mixture otm- 
pofled^f about equal parts of uahumt and odflioed £ae-olay fiaaly p«l- 
verieed, with ^e additko ^ aa much water aa rendem it a eonaiattacy 
of thick patte is a^ilied day by day to the iutemal and external aur- 
£n90B -of the retorta, and well worked in (by the haad) to th» body of 
the retort; thus an tveu, anM>oth, and unbrokra aoi&oe, free froaa 
erackfl and flaws, ia pix>duc^ and the retort praaaato an utufom 
appearanoe throughout. 

The biuming of the istorta requires much care and attention, and 
ganeraUy continues for a period of ten to twelve days. The ratorta 
being placed vertically on tows of hrukB on the bottom of. the kiln, the 
great desideraiimi is to proouse a steady draft, the axduaion of 4tee- 
efibaac air, and a ^gradually proipresaive heat. 

Opini<»s differ very widely as to the best shape of day vetorts, 
the 'droulai^ oval, or elliptical, and O, being those oommonly advo-. 
eated and in uae» while the egg-ahaped, or combination of round and 
OTal, and the round curved £si have each their 8UH>oi^ra. Jn the 
leading metropolitan works the 15 in. round, and 21 in. x 16 in. 
oval, in settings of Ave and seven retorts in a bench, appear to be 
in favour ; these retcnrts being from 18 ft. 6 in. to 20 ft* in length 
(open throughout^ and ^^uurged at each end), are ooxurtruoted in three 
or four pieces to suit convenience. 

An experienced retort maker can manage twenty-flve to tweuty-eight 
retorts at once, ,and taking 9 in. as 1^ average daily building to each, 
m<mld8, consequently, Bf|y, IS ft. to 20 ft. per day. 

The xsomparative merits of clay and iron retorts is a subject whidi 
haa attracted much attention from the gas engineering profession during 
the past few years. The i^esulta of numerous pcactM^ trials,^ comparing 
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their rdatiTe durability, eoonomy, and carboniaiiig power, have from 
time to time appeared in the yariooei serials devoted to the gas-light 
ii^erest^ and many fac^ worthy of attention have been elicited by the 
o<Hitroyersy respecting their oomparatiye excellence. It may seem a 
matter of much surprise to those unacquainted with the details of these 
praoi4cal essays, that a substance apparently so friable and brittle in its 
nature as day should have superseded cast-iron to a great extent^ and 
reoeived the highest encomiums from nearly every responsible source. 
Tet suoh has been the case, and this important reform, which but a 
few years ago met with many obstructions, in having to withstand a 
rigorous prejudice, has lately been gaining ground with great rapidity, 
and promises ere long to meet with universal approbation. 

The introduction of clay retorts seems to be due to Mr. QrafUm, 
who as early as the year 1820, took out a patent in England for their 
use. His retorts were at first sqtiare, but soon after were altered to the 
shi^ of a broad shallow q, and were constructed in sections of about 
16 in. in length. These retorts were 5 ft. wide, and 18 in. high, being 
7 ft. long, resembling an oven in their general contour. This shape was 
used for many years in some of the provincial works of Great Britain, 
and are perhaps still employed to some extent, although they have been 
generally replaced by the oval, circular, and common o shaped retort 
The Managers of the gasworks of Scotland were among the first to 
appreciate the value of clay retorts, and their use in now almost universal 
in that countxy. They were then employed for a considerable period 
before their general introduction into England, where, as their superiority 
became more generally known, they were gradually adopted, and at 
this moment the proportion of iron and clay retorts in operation in the 
whole of Great Britain greatly preponderates in fi&vour of the day. 
He did not like to be too sanguine or positive in his predictions as to 
the future, and being himself interested to a large extent in the manu- 
fitcture of day retorts, perhaps he might be excused in agreeing with 
Mr. R. M. Christie, late chairman of this Sodety, who, in his able 
artide on the ''Belative Merits of Clay and Iron Retorts," in the 
Journal of Oas Ltghting, April, 1857 (and since extended in a separate 
pamphlet), says that in a short time, should we wish to see iron retorts, 
we shall have to pay a visit to the British Museum. 
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The superior qnalities claimed for day retorts over those made of 
ir«« are as follow: — ^Their cost is less tiian iron; they are more 
durable; they have more oarbonisiiig power, and produce a greater 
quantity of gas. There are some parties who stUl advocate the use of 
iron retorts, and who, of course, will not admit these claims, but those 
who have adopted the clay retorts are firm in their belief that all of 
the qualities above moitioned are amply sustained ; as to the first cost 
of a retort, it is quite unnecessary to attempt to prove the superior 
economy of day over iron, inasmudi as to all who are in the least 
fiuniliar with the subject it must be at once apparent. 

The duiability of a retort is a subject of great importance in an 
economical aspect, and unless this is attentivdy studied and abun- 
dantly demonstotted, no opinion can be regarded as oondusive. But, 
as regards the relative durability of clay and iron retorts, the results of 
the trials have satisfiictorily proved the superiority of clay. According 
to Mr. Christie, the average duration of iron retorts, as woiked in 
England, is ten months ; whereas, in London, some clay retorts have 
been set and in use for four, five, and six years, and those whidi have 
been used two and a half to three years may be seen at almost any 
works where they are employed. This, however, may be a rather 
exaggerated statement, although a duration of two years has commonly 
been obtained. At the South Metropolitan Works, in London, seven- 
teen months have been considered a fiur duration for day retorts, eadi 
one having produced 1,800,000 ft. of gas ; the expenditure of coal being 
no greater than that of iron retorts. 

The paper has hitherto been confined exclusively to the manu- 
facture of bricks and retorts made from fire-clay, while several other 
very important articles, have been passed over the limits assigned 
to this paper being much too small to admit of doing more than 
simply mentioning them. We have now glazed and plain sanitary 
and chemical pipes made in great abundance, also diimney tops, 
glass house pots, and ornamental vases, together with every descrip- 
tion of lumps and tiles usually required for the erection of iron, 
chemical, and gas works. 

The stoneware manufkcture is now prindpally located in Lambeth, 
OlaiH^ow, Leeds, and the Stafibrdshire potteries. Salt glazed stoneware 
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has kog bMB> ezUiiiiv^ vmd for ippavfttat yeqvifed for uinti- 
fkoioring muikiiey mtris, and ozaUo aoid% on a large eoala, and 
for jara and botUaa-to oontain adda, apixitay oUa, and other penettaiiB^ 
and corroaive Uquids» It ia alao lai^gely employed for drain and thbam 
nay pipea of yarioua diamet6r% fSoar which, purpoae it ia aikoiraiUiff 
adapted, being perfectly imperiahabla^ impevTioaay «nd eapaUe ol beaky 
highly glased inaide, thua greatly fe o i litat i n g the neeeaaavy flnhuga 
andcleanainga of the fluea and draina. It ia alao eeckeBaifely uaed^for 
the ingulators for the electric telegraph on all the^ railwaya. 

Stone bricks mAnufaotured at^ Neath, in Glamoffganidxire^ne ptHN 
aeased of very peculiar properUes.. The materiala of whkh.'tiufttaick 
ia compoaed «re bcoug^ tnam a quarry ia the neighliourhood. Thagi 
are very coarse^ being aubjeoted to a veiy rude cmakin^ opeaiAki* 
under an edge-aUme, and fironthe aige of the pjeeea^ifcia iiHjiiweilitote 
mould by- the hand. 

There axe three qualitiea. which aie mixedotogelihar. wifli a'littk 
water, ao as to ^ve the maaa aome cc^Mrence^ and m thi* atftle^it it 
oompresaed by a machine into a mould. 

The brick which resulta .is treated in the ordhiary way; but iiroaiati 
a much greater heat than either the Stourbridge LgBoda, ^ Kewoaotk 
fire-clay, expands mudk more by heaty and does not>oontn»t t» ila 
original dimenaiona. Owing to thia latte pro^pertyit haa bean^foMnd 
very valuable in constructing fumaeea, more parUcularly ^sim arehas 
of the roTerbatory fumaoea employed in the smelting of ectppav 
ore. The proportion of silica in thia day ia 9iO ta 96 per oenii» 
and the bricka may therefore be said. to. be ailiceousy ok atone 
bri(^s< 

There is no doubt that the aubjeab of fire-day and ita apptitineoa 
generally, is one which will every day become better understood, and it 
ia also very evident that its manufacture will gradually aasumea higher 
and more important position among scientific entMrpnso. It may be 
said to be still in its iniiEmcy, and who shall predict, tba reaulta whieh 
may hereafter accrue from its devdopment... 

Some few years ago clay retorts for gas making had not been introp 
duoed, and the. manu&eture of fire gpoda waa confined to a.vesy small 
compass. Now, how is the aapeci of affiiira changed ! GtentleBaaa.of 




expARDMBto M b^g m»d« ta Mnrt«iD b«ii and clwgptat mad* 



1&. IQey' odd he bad made some speciil fai vutlgatf diu ett tlie 
propertiee of TEiioiui de Bcriptk mB of fire-day in use tt the DeiMUl 
Iron WorlUy and came to ^e oonclndon that the qnaKty of the day 
depended on the presence of a high per-oentage of siHca. H wa» a 
w&B. known £Mt, that the best material for standing heat and flnxtng 
action, is iSie ordinary conglomerate and some sand stones of the cod 
measores. These latter being used for making Ihe Dinas brid^ whidi 
IB, in fitct, nearly pure sand, mixed with 1 or 2 per cent of lime to IHI 
it together He had had much experience in the Bessemer prooear, in 
which he bdiet^ed there was a greater fluxing action, and a higher 
ietnperstore prt>dnced tiian in any other mantifkctnring prooessi. He 
had seen an ordinary Wehh brick completely fltired away in abodi 
twenty minutes, and the only material that is proved at aS to stand is 
the powdered sand stone, known as Ganister. The Dinas bricks d!d 
not stand fluxing action well, but were adapted for the roofe of coke 
ovens, whet« they stood when ofher bricks fSedled He thought this 
was due to the bricks bekig- porous, and not solid, and that they might 
be improved by making them more homogeneoua, by grinding flher 
and using greater pressure. 

In some practical experiments made at the above works, it was 
found that the bricks made from the veins of clay which contained 
the highest per-centage <^ silica stood the ktigesi time in the puddling 
furnaces. It wae alwaya found that bricks wore away at the day- 
joints. This, he thought, was due to the day not having been sub- 
mitted to the pressure that had been used in making the bricks, and 
this pointed out tite neoe«dty of having solid brida, or bri«kaibat had 
been submitted to great pressure, and made as dense m poasibler Om 
gpreat advantage of the Dinas brick wae, that it expanded on heatjai^ 
and thus closed the joints, although this brick is not well adified for 
sudden dianges of temperature, and iMs is one reasui wi^th^ stand 
ts& vfeS iff coke ovena. 
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Mr. H. P. Stephenson was of opinion that day retorts in kf^ works 
were decidedly adTantageons, in almost all of which they were now 
used, but in small works, in which he had mnch experience, he thought 
there were many objections to clay retorts, and considered that brick 
or iron retorts were fiur preferable. 

The Ewell brick was a capital one for building retorts, and for the 
arch of the furnace, but not for the walls, as it was a very soft brick. 
The Dinas brick stood well for the arches and walls of the fiimaoe, but 
was brittle ; the Wortley did not answer so well in the furnace, but 
were excellent for retorts, owing to the small quantity of carbon 
deposited on the sur&ce. Irrespective of price, the StourMdge bri<^ 
was, in his opinion, the best for general purposes. For a low-priced 
brick, the Newcastle was the best^ and would stand well in moderate 
heats. In erecting gas works in several parts of Germany he could 
only obtain fire bricks of a square form, of an inferior quality, and a 
high price (£12 per 1000), and in most instances he had, notwithstand- 
ing the extra carriage and duty, preferred the English brick. 

Mr. Douglas stated that he had used clay retorts in small works to 
great advantage, more especially in Scotland, where cannel coal was 
used. 

Mr. Harris thought day retorts were not adapted for small works, 
but considered them very advantageous in large works. He mentioned 
that the Ewell day was a very serviceable material for lining gas 
furnaces. 



April Stk, 
R. M. CHRISTIE in the Ghaib. 

ON FIRE-CLAY MANUFACTURES. 
(adjoubned discussion.) 
Mr. John Cliff was rather disappointed at the absence of all refe^ 
ence to the behaviour of different bricks under different conditional 
and thought Mr. Stephenson might have given some information on 
this point. 

Some sanguine manufitcturers assert that their goods are not only 
first class, but that they are the best for any purpose. Some rely on 
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the fiicfc that because they stand better than others in a gas fbmaoef 
they must of neoeeaity do so in a glass or iron fomaoe ; others re^ 
agam, on the weathering process, and others f<^ow the Chinese method. 
Some few makers find, that given the same quality of clay, that day will 
make ihe best brick which is made with as little disintegrati<m of 
its body as possible (consist^t with its lialulity to fly by sudden 
dianges of temperature), or, in other words, the more day (of a given 
qualiiy) you can get into a given sized brick, the longer that hnxk will 
resist the wear and tear of fire, gas, or alkali vapour. He thought this 
assertion would be admitted at once, if the wear of a brick in a fomaoe 
was considered. Take, for instance, the crown of a glass furnace, 
where the fiunes from l^e alkali combine with the brick itself, the glass 
thus formed on the surbce is continuously running down the sides 
to the .floor of the furnace, or fiJling off in drops ; in sudi an instance, 
he thou^t it was dear that the same clay being given, the brick with 
least weathering of its day, the heaviest, in fitct, of its spedes, would, 
because that bride had more day to be c<»nbined with, or formed into 
glass or dag, take a longer time to waate away than the brick made of 
same day on the Chinese or weathering process ; and if it takes a 
longer time for its waste or combinaticHi, it is the cheaper hxiA at 
a price. 

Host persons using fire-bricks are satisfied with asking the price per 
1000; and to meet the persevering cry for cheaper bricks, some makers 
have quietly reduced thdr sizes — Whence the ghosts of fire-bricks that 
are sent into the market. The price per 1000 (irrespective of any 
other condderation) is a poor guide, but one almost universally relied 
<m; for instance, here are two bricks, one at 60s., the other at 104s. 
per 1000 (qualiiy not being considered, although those at 104s. are 
vastly superior in quality as well), and yet in point of actual cubical 
contents, the brick at 104b. is less in cost per cube foot than that 
at 60s. 

The author of the paper states, that at the most intense heat^ 
artificially produced, clay refuses to become liquid ; he was sorry to 
differ from him, but he could display a &ce on Newcastle bricks that 
have literally fused like treacle, and these the best brands of ITewcastle 
manufiicture. The conditions under which they were tried by the 
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■ptaJmr (not once, but until ke was obUftd to deikt fnxn uiipg thM^ 
wwoi they were built to fonn aa aaniUar ring of broad, and 14 X 
high, through which ten ftrea, of 14" aoroas the areh, and $6" erown to 
ftK>t> plajingfor from 2$io6Q hours fuU (Ire (andwhik on thiapointhe 
might atate that the fUaing or yitri^^fing of the KeWoaaUe at Budh a haat^ 
renderB their use in ftmuicea liable to audden ruete of cold «ixv vaqr 
bad {M^ioy), when cooling, the vi triied auHaow ohink off &om the £EMe and 
fidl down, causing damage to the touaoe or its contenta. In the eaaa 
^ furnaces he belierea that the Stourbridge and JUiaier I^he 
bricks, with others, like the Hndderafield bridts, which are madefreoa 
the Halifia bed of oh^ are superior to the Woltley, aa alkaline 
vapours do not act so readily tm thM at a high heat aa on tiia 
Wortley* They have more silica in chtmioal «ombinaitioli» whssh is « 
vastly different thing to siUoa artificiid]/ mixadb He waa apeidehig^ft 
fire-brick maker s^e time agc^ who» as a fitsof of tka quality <rif hl4 
bricks, said it '^rung like a bett/' btft«t any indinaiion to rio^^ing ifl 
an incUnaticm to vitrify, he eould net aooept that pro6£ QeDsnaHf 
^peaking, if a brick contaiaa but alumina and silica it in good, and the 
addition of iron, Ume^ or other ingi^edieiita) that xbetsteemA the complexity 
of the mixture, are more or less aa^they j^Mte aa e^ Stiinaandlimtf 
in some bricks are nearly the whole, and in such a case a little 
would prove as ii^jurious aa lime woaldiA.4H;hecdi fie had sesn fireMcks 
almost black with iron, that stood f umatse waxk veiy Well iadosd, b«t 
per cent, of the clay was silica ; hehadaeeii otheiSi with ao imMh.al«mhM 
in, that> if made from the pure okof alon^, they stunted and ^ew en the 
slightest alterations of temj>^?ature, whioh is neariy ta bad » fruit aa 
being fusible. This mor was oorrecrted by a laige admixture Of ^jttortiV 
sand or gravel, found in dose proxhnii^ to the vroak^* Under ali beda 
of coal we find either stone or some variety of fire-^iy— andeec^ thad 
which is clay of easily workable quality at one spot, ia xifteH atone at ^ 
short distance off. With respect to pugging of the clay at the Wortl^yt 
Works, the pug-mUl has been given up long ago, and the taivelUn^^'pan 
(12' 6" diameter), with 5 ft. rollers, loose on thair ixlea, and aiq^xftlnd 
at their ends on standards outdde the pan, has beefti subatit^lted^ aci 
more expeditious, and less expensive to <drive. Into this pttd thof 
rough limips from the corves, as filled by the clay-getter in the <pi^ «i« 
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^mpiadd, and at the same tfane, the proportion of old bricks, sandstone, 
or oth^ ingredient^ is shot in, the water is turned on in measored 
quantities, and in a much shorter time tiian hj pugging the day is 
ready for the moulder. These pans are generally fixed on a first floor, 
and when the day k ready, flsuptied a large shorel through a hole 
in the floor into the trucks or barrows undemea^u He had seen 
15,000 bricks made in a day from one such pan ; the day bdng to get 
in the morning, WheM it is an absolnte neeessify to hdre moulds that 
wear least on their edges, strips of plate-glass inside a wooden mould 
answer admirably. In his opinion, if a brick-kiln, instead of being 
aQ««Md'ta«oelgEadwafly, will not dband the widest being palled down 
irhm the kSn.is " finished those bricks m not first rate in qual^. 
That the mmoimt <tf siBea akneisaota 8a£i test ef the worth ef a day 
iar fire4an^ TSiat the blue uitcoior of some brides is no sign e£ 
their being under burnt; it arises frem want of air (fk<xb Uiat ib 
in^rovee the qnaUi^)^ and ihaii may be supplied either by sIowhk 
binning, or as in the case ^ all weatibeied days, by karang a ItagB* 
mrnnrnt of aar^tpaces therdw. If a brick is put iato the kiln too green, 
and fired too quickly^ it is blue^ even .thou|^ ihm beat raised is movaf 
thui usual or requisibe, Whatsver his yiews wer% thsy had been 
fiacmed during a doae eennection finr tm years with an estahlishmsnt 
tammg ^ over 100,000 'Ire^lfficks. weekly, and a lange number oi 
gas-retorts, and may, on this ground, possiUy daim to be praetioal* 

Mas* Eaton re m agk e d, that a brick from KinsMi, in J>oa9kAdxe, 
p oD sa s ss d the qiwlkies of a good fire-bcick» and had BUOgMefiitty steod 
an ^Ktreme beat fiic <S2 houni, in, a frimace where wnougbt Iron hmk 
maked readily, 

3Sx. fialey, saldr with JMpeot to weathering day, it was ift 
many cases absolutely necessary, in order tia&t the small nodules ^ 
iron etene that many eia^ contain, might be pidaed out and separated 

Tk9 Chairman in ^dosing the disouasiflo, said, the subjMt of fioeidB^: 
mann&kctures was nne of the jgneateet importanoe, and be hoped that, 
upon 'Some future occasion it Wi»Jd be again brought before the, 
Society* Itsmannfaoture, he considered^ was in its infiuu^c, as it wa» 
a material whidi. 4iould ,be used for such innumerable pu]qM>ae8, Thm< 
cffuM bem»>4oiibt mNold soon become better known. 
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April Stk, 1861. 



K M. CHRISTIB nr ths Chair. 



ON THE SUPERHEATINa OP STEAM AND THE VARIOUS 



The author, in opening his paper, reviewed the progress of stesm 
engineering from the date of the earliest records. He then proceeded 
to direct attention to the immediate subject of the paper, obeerving 
tiiat the develojnnent of the principle had probably been checked by 
the seal of some of its advocates, who in attempting to carry super- 
heating to an excessive degree, had met with fiulures which had the 
effect of discouraging for a time further pursuit. 

Not the less influence, perhaps, had been exercised in this respect 
by the negative opinions which had been advanced from time to time 
by its detractors and opponents. Among these was Jacob Perkins, who 
was BO impressed with the inadmissibility of any such condition thai^ 
in 1827, he patented apparatus for preventing the possibility of the 
steam becoming superheated. 

' The specific advantages offered by superheated steam ai^>eared to 
be in preventing the presence of water in the cylinders, and insuring 
that they shall at no time be occupied by anything but pure steam. 
In condensing engines the interior of the cylinder being open to the 
condenser duiing half the time of each revolution of the crank was, 
therefore, during that period, exposed to the influence of the low 
temperature of the condenser. There then ensued a consequent rapid 
radiation of heat, from the sides and ends of the cylinder cooling down 
the whole mass of metal. The steam admitted at the next stroke, 
coming in contact with these cooled surfaces, heated them up again, 
losing thereby a portion of its heat, and the consequence was the 
deposit of a quantity of water in the cylinder, from cond^isation of an 
amount of steam proportionate to the quantity of heat imparted to 
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the metal of the cylinder. If the expansion was carried down to d 
sufficiently low pressure a portion of the water might be evaporated 
again into steam towards the end of the stroke, but its efiective value 
would have been lost during the previous portion of the stroke ; in 
other words, condensation took place at the beginning of the stroke, 
and a partial re-evaporation at the end, on account of the metal of the 
cylinder being colder than the fresh high pressure steam entering from 
the boiler, but hotter than the expanded steam in the cylinder at the 
end of the stroke. Therefore, if as much heat were added to the steam, 
by superheating it before entering the cylinder, as would supply the 
amount of which it was deprived by the cylinder, it would remain per- 
fectly dry steam throughout the stroke, and no water would be de- 
posited. 

This appeared to be the mode in which the superheating of steam 
acted in producing a saving of steam and consequent economy of fuel, 
by preventing the extensive waste of steam that ordinarily took place, 
and this indicated the extent to which superheating could be carried 
with any great advantage. 

The opinion of Mr. John Penn was, that an addition of 100 deg. of 
heat to the temperature of the steam insured the accomplishment of 
the desired object. With steam at 20 lb. per square inch above the 
atmosphere, as used in marine engines, it was thus heated from a tem- 
perature of 260 deg. to that of 860 deg., and was then only about as 
hot as the ordinary high pressure steam of 120 lb. per inch used in 
locomotive engines. 

Therefore, to superheat the steam before it entered the cylinder 
was a simple and eligible mode of attaining the desired object, and 
appeared also preferable to a steam jacket, because to carry out the 
object fully would require the steam in the jacket to be superheated, 
and even then the heat was applied outside the cylinder, and had to 
pass through the thick metal, but, by the introduction of superheated 
steam into the cylinder, the object was accomplished in the most direct 
manner — the surfiu^ of contact being heated. 

According to Mr. E. A. Cowper, the efTect of superheating upon 
steam was, in the first place, the evaporation of all the moisture in it, 
thereby depriving it of the minute particles of water that invariably 
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wecf fbund tO aooampany ii ftom th»boilen, flT«n.wher« ihar^ was no 
•anaibla pruaing. It would then beoome perfisct or diy steam, but at 
first would not be raised in temperature ; but if the superheating was 
oanied beyond that point the temperature of the steam would be raised 
by all the heat added,, and ita volume proportionately increased, causing 
an increase in the totaLquanti;fcy of steam supplied at the same pressure, 
and from the same evaporation of water. 

As a rub steam waa expended by inooease of tenq»ecature^ at the 
same rate as air and other gases. Therefore, since air at 82 deg. wis 
doubled in volume by an i n c r ease of temperature of 480 deg., steam at 
20 lb. pep. inch, or 260 deg., would be double in volume by 708 deg. 
increase of temperature (480 + 260 — 82s 708), and a rise of 100 deg* 
from 260 deg. to 860 deg. would, consequentiy, increase its volume 
one-seventh, causing an equal saving in consumption of fuel, when 
the superheating was effected by using the waste heat of the smoke 
boxv 

From actual experiments, however, made by Hr. Fairbaim, it ap- 
peared that when ordinary saturated steam was superheated its expan- 
sion for the first 5 deg. was three times as great as tiiat of air, but as 
the superheating was increased th^ rate of expansion gradually feU off 
to that of air. 

The mode of superheating steam was susceptible of variation* The 
general principles to be regarded were tiie construction of the apparatus 
of such a form as should present the necessary extent of heating Bur£Bce 
within a limited space. The placing it where it should neither fonu 
an obstruction nor be exposed to a heat that might cause iiyury, and 
the making use of the heat when the boiler had done with it^ so as to 
require no extra fuel in attaining the object. 

The question appeared to have received definite attention about 
twenty-eight years since from Mr. Thomas Howard, who used a dry 
boiler, injecting at each stroke of the engine only enough water to 
produce the requisite amount of steam. Hr. Howard's experiments 
fully established the economy effected by the principle, but the ap- 
paratus was of too delicate a nature for general practical adoption, 
and was consequentiy relinquished*. The subject was subsequently 
advocated by Dr. Haycraft^ whose strong opinion was that the priii- 
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cd^ iroQld MMmMy hewme gsamOj adopted, and would be found 
Ao » SftTHig of W per eentu in ifheL The reenHs of pnotioe 

•«eiaeid* In a vmupkakHe maaneir wiUi ihia opinion. 

Mr. Peon made tik]» efn a lai^ soale^ and arrived at the condosion 
thai % avrhig of ft<om 80 per cent, to ISO per cent, in f^ei was to be 
effected ; ^at a modMte eartent oi B«perheating enabled all the im- 
portant advaettagee of the plan to be obtained ; and that nothing 
'^eeti(»ial^ was Beeeeear^ inyolved from extra wear and tear, risk 
•df fiiflure, eon^oatiMi ef i^puratus, or diffioolty in lubrioation. 

Th* MnuBgement empl^>ed by Mr. Fesm, in a trial of the plan in 
4k% PeniBBalar and Oriental 0(»npany's steamdiip Valetta, of 200 
^Mminal horse power, eonsisted of two hoiizontal fiiggota of tubes ar- 
ranged in verti^ rows, with dear spaoes between them horizontally 
for aoceea to dein tiie bofler. I^ese tubes were fixed into three flat 
chambers, and placed in the smoke box (Fig. No. 1). The steam was 
^j^lied from the hoii/tr to the eentre chamber, and passing through 
4lie aupMrheating pipes was taken off from the end chambers by the 
•team p^ee to the ragines. The steam pipes had also direct commu- 
nioaj^oa with the Ik41^, bo that the superheating apparatus could be 
4iBC<»meoted. 

Two trips were made by the vessel from Malta to Alexandria and 
back, wi^ ttie superheating apparatus; and then two similar trips 
with plain steam. The result was a saving of 20 per cent, of fuel in 
lovour of ^be a^aratus. 

In I860, Mr. Jchn Longbottom patented apparatus for sur- 
charging or superheating steam. This he proposed to effect by bring- 

ihe steam from the boiler directly in contact with the outer 
aurftbees of a series of tubes heated by the ordinary boiler ftimace, or 
by a separate <me, if necessary. The tubes might be partially filled 
witii water,' and so disposed as to produce a rapid circulation of water 
and heat through them. A number of tubes in a casing might be 
^aced in or near to the condenser or otherwise so as to be in close 
proximity to the cylinders, by wMch means tiie steam, when used ex- 
paasivdy, would become superheated, and therefore g^ve off a greater 
umount of motive force. 

Th« next ^emplification was that of Mr. David Fatridge, assistant 
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chief engineer of Her Majesty's Dockyard, Woolwich, who, early in 
1857, patented apparatus for superheating steam. The diagram No. 2 
represented Patridge's apparatus as fitted in the Brazilian mail pa<^ 
Apa, 250-horse power, and perfectly illustrated his principle. The 
apparatus was extremely simple^ consisting of an iroa cylinder, placed 
vertically in the uptake fitted with tubes of from 8 in. to 4 in. 
diameter, and running parallel with -its length, through which the 
products of combustion passed. The steam from the boilers entered the 
cylinder from two opposite points, circulated around the heated tubes, 
and passed through an outlet into the steam pipe to the engines. Upon 
the outlet pipe a small safety yalve was fitted, opening into the uptake. 

In general the steam was superheated to about 840 deg. at the 
boilers, the pressures ranging from 10 lb. to 25 lb. per square inch 
in different vessels. The sayings varied frt>m 15 per cent, to 30 
per cent. 

To Mr. Patridge was due the credit of having fitted with his aj^ 
ratus the first vessel that ever left England, working with superheated 
steam unmixed. This was the Prince Alfred, of 200-hor8e power, 
belonging to the Intercolonial Royal Mail Company. The superheaters 
were fitted more than four years since, the immediate results being of a 
highly successful character, and they continued so to the present time, 
a saving of more than 80 per cent, being effected. The apparatus had 
4iever once been out of order or imder repair. 

In a report £rom Mr. Lowes, the chief engineer of the Prince Alfred, 
he stated — " We find a great benefit with the superheating apparatus, 
saving fr>om 30 per cent, to 35 per cent." 

The author had a list of fifty-two vessels fitted with Patridge's 
apparatus, representing a total of 10,678 horse power. The list in- 
cluded one set of boilers of the Great Eastern, 533-horse power in 
addition to those were many others fitted, and being fitted, in all parts 
of the kingdom. 

Johnson's arrangement consisted of pipes placed in the flue of the 
furnace, and communicating at one end with a valve chest in con- 
nection with the boiler, and, at the other, with a valve chest in con- 
nection with the steam-pipe to the cylinders. The valves consisted 
of slides working over two mouths of two sets of superheating pipes. 
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80 that 6Aoh sei naight be broiight into aetion alternately, the Talvee 
working in conc^ for that purpose. Provision was made for returning 
the steam to the boilers after leaving the cylinders, the pressure being 
low. 

The object here appeared to be to attain the utmost degree of 
economy ; but whether this would be the result in practice was doubt- 
ful, ioasmucb as the presence of machinery, of a comparatively complex 
character, implied increased first cost, and a liability to derangement. 
Where simplicity in construction and directness of communication were 
departed from in superheaters, the object was so far lost sight of as to 
render success very |»x)blematicaL 

The author next proceeded to describe Messrs. Parson and Pilgrim's 
apparatus, and to notice the e£Pect superheating had upon steam in a 
chemical point of view, mainly with reference to the question of liability 
to explosion attending its employment at high temperatures. 

The s^paratus consisted mainly of three arched pipes placed in each 
boiler-furnace (see Fig. No. 8). A pipe from the eteam chest conducted 
the wet steam tmder the fire-bars to the superheating apparatus, which 
it traversed, and, returned by another pipe under the furnace-bars to 
tiie engine. 

In their investigation of ihe subject i^e patentees had a lO-horse 
power boiler fitted wii^ their i^paratus. The results of nine monthi^ 
experiments, both with plain and with superheated steam, were that 
with tke latter they consumed one-third less water and one-third less 
fuel. They also found that, in some, cases, one arched pipe would be 
sufficient to realise the benefit of their invention. 

At the dose of 1858 they applied their apparatus to one of the 
boilers in the gasworks of Woolwich Arsenal, using three pipes, with 
a result which might be gathered from an extract from a report made 
to the War Office, by Mr. Anderson, inspector of machinery in the 
Boyal Arsenal. 

Mr. Anderson had stated that during the experiments which in each 
case lasted 32 days, upwards of 700,000 revolutions of the engine Were 
made, both by superheated steam and with common steam. That to 
perform one revolution the superheated steam required *7459 of an 
pimce of coke, or barely three-quarters of an otmce, while common 
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tfttMii required or a litHe more tban an omiee^ or/ to put H i& 

Miothflr fonn— 



" 93*7 revolutions, with oommon steam, required 100 



80-12 

•* blowing a saving of fully 80 per cent, in fueL" 

Tha qaestion oC danger ai axploeion baving been xaiaed in mtptd 
of this apparatus, the patentees had oonsttlted Dr, Taylor and Mr. 
Grande on the point. 

The author prooeeded to read the ^aborate reports of those geQtle> 
^aan, and likawiaa another npcm the auhjeot from Prote^r Faoday, 
who had baea oonsultad by the Board of Trade. 

From those r^orta it a{^>eared there was no danger of explosion 
j!whtttoi?ar. 

The syirtem hadalso been aj^ed to her Majesty's steam tug Bustier 
and to fifteen vessda in the maroantile marine. In the Bustler the 
apparatus had burnt out so tast, and the vessel had been so <^en kid 
up for repairs, that it waa ordered to be removed, and was subsequently 
anbatitatad by one at Hie back o{ theb<Hler (as shown in the dotted 
Ipart of the diagram), whieh was now on probation. From this arrange- 
inant results ware obtained equal with those from the three small pipes. 
It, therefore, appeared pceferaUe. 

The cost of the apparatus waa £2 per horse power. 

The only part liable to injury from the heat of the fire aj^Mared to 
batiiearobed pipes. Those the patentees proposed to protect by fire» 
lirioks made for ^e purpose. That they, however, did become unfit 
jfor duty in the oourse of a oomparatively limited time was i^tarent, not 
only upon consideration, but from the circumstance that the patentees 
lrt#jked.the additional ezpenae, after the first cost of £% per horsepower 
lor the apparatus! waa the keeping in store of about a dooen of the 
cirdjied pipes, at a coat of from £20 to £80, and thiii where the sm§^ 
iMTched pipe was employed. 

Xo^proTOmanta .with respeot to increasing the area of the heatiog 
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superheated steam, required only 69*88 
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gnlwe of si^Mi^eaAiiig pipte wen pftftented Ibgr Joh* flpMnifcinil ki 
1858. H« flfao pio|KMDd to fotm the plstee ef b^ilen with iotoitft* 
iioiu^ ea aa to doable the betttang surfiMsee. 

iThe ftutiur qaee^iaoed 'te pnetaeal effideikoy of- thoee plaiie> on 
tfaeseomof «a:pflgB0e mpipdiioy<m»nuvea difficult in 

deuimg. 

Mr« Oram had weeded that tfitem^oat in a uiMttMnr auffielently 
dierftniler to ereate ths itfbfeot of aaotiMar patent. Ee piopoaed tyhta 

ef spnal, eonragvled, undulated, or aodeated famifl. 

{fhe aaiiior notiead ihooe iimiAitoa beeanae they each elalmed * 
•pesific adaptation to sapetheaj^ng eteam^ and he tikoo^^ erefy prin- 
eq>le, howerer eoUsteral or anriHary only to the main olijeot^ waa 
worthy of consideration, for each might be found sneceptil^ of modifl.- 
oitiens, wbich^ in combination with other syBtema, might lead to 
fitTOurable Maultsy however distant ^ey in themaelYea, without in- 
yestigation, appeared. 

Mr. Lamb, of the Fmiosokr and Oriental Company'a aemee, was 
at one ^me an objector to superheating steam, buty near the doae of 
1858| he had patented apparatus of a veiy efficient d^araoto; Figs. 6 and 
T,in whi^ he endeavoured to dry the steam as perfectly as poss&le^ by 
dividing it into thin sheets or streams, of from 4 in. to j in. in tlui^* 
Bess, in transit from, ^e boilers to the cylinders. The method he 
adopted in practiee^ was to use a ehest made with ^-Idths in. iron 
plates, and divided vertically by ^ in. malleable iron plates, so as to 
alk^tho heated products of eombuetion to pass through one set of 
ipaees, while the others were enclosed in the chest through inhidL the 
•team passed. 

THk^ arrangement admitted of common steam being used. Thia 
]^ waa occai^onally adopted as a preoantionary measure, but waa not 
necessary. 

The best results had been obtained wilh steran istt from 800 deg. to 
tl% deg., and aevesal sli%»a were working wiih the apparatus, veiy 
eeoncmioally, at from 180 deg. to &00 deg. 

Lamb's superheater had been applied to upwards of fifty steam 
Vessels. The amount of saving effected was found to vary from 20 per 
. eeat» to* iO per oent., according to circumatanoea ; a fiur average 
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working eoonomy of at feast 25 per cent, in ooals alone, with equal 
epeedB, could always be secured. The usual pressure at whidi the 
apparatus was worked was from 20 lb. to 25 lb. They were, however, 
always proved to 60 lb., and could be stayed to any strength; the more 
stays introduced the greater their efficiency, since the stays aided in 
imparting heat to the steam. 

The apparatus hod ihe advantage of oonipaotness ; it could be 
adapted to any boiler ; it appeared to secure the full beneficial effects 
of thoroughly superheated steam, and it did not make the steam too 
hot. It would possibly outlast the tubular system, but its construc- 
tion involved heavy prime cost ; biit^ high as this comparatively was, 
the apparatus had, in several instances, paid for itself in three or 
four months, and, at the most, it did so in six months. 

Messrs. Boden and Clark, of Southampton, used a superheater, 
which consusted of a rectang^ular iron chest fitted with tubes, open at 
their ends, through which the heated vapours passed. 

T^s apparatus was fitted on board the Southampton, running be- 
tween Southampton and the Channel Islands, and in which vessel the 
author made a trip to and from Jersey, a short time since, which 
afforded him an opportunity of inquiring into the working of the 
superheaters. 

The Southampton was fitted with 262-horse power condensing 
engines wiUi two slide oscillating 60 in. cylinders, 5 fb. stroke; had two 
boilers, and worked at 15 lb. pressure, regulated by a (jh>vemment 
lock-up valve, as she carried the mails. She burnt 87 tons of coal 
on the trip out and in, averaging 22 hours. This quantity was in- 
clusive of 6 tons used in getting up steam in harbour, which brou^^t it 
to 31 tons, or ietbout 12 lb. per horse power per hour, a much leas 
quantity than that consumed by either the Coiirier or Dispatch, boats 
of only 200-horse power each, on the same station, working with 
saturated steam. The temperature of the steam in the steam pipe 
was 305 deg., and on the slide jacket 275 deg. The heating sur&ce in 
the superheater was less than intended, being only 1} square feet per 
horse power ; it ought to have been 2^ square feet. The tubes in the 
superheater were the same as in the boiler. The cost of the apparatus 
was £2 per horse power. Since October, 186.0, and up to the il7th 
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f^bmary Instj the Southampton had made 88 yoyagea, and rtm a total 
of 10,000 miles. There had been no trouble with the apparatua, and 
the packing was in no way iijured. 

The feed water apparatus was not neoesaariiy an i^tpendage to tha 
sup^eater, and could be fitted or not, as desired, There wovld 
doubtless, be a further saving effscted by supplying the water to tha 
boiler at a high temperature rather than at a low one. 

The author obserred that steam with a pressure of 15 lb. <m ^a 
square inch required to be kept at an uniform temperature of S60 deg. 
to maintain that pressure. To increase the temperature in the boilers 
would there be useless, as no corresponding increase of power would 
be obtained on account of 15 lb. being there the imposed w^^-riTwnwy 
limit. Therefore, as the steam in the boiler could not range beyond 
252 deg., and it was found at 805 deg. in the steam pipe, it was clear 
the capacity of the superiieater, with its limited area, was to Impart to 
it an additional 53 deg. of heat to the advantages of working. Thui^ 
while observing the (Government regulation in the boiler, the engines 
were woiked by steam at a tenq>erafcure equal to a higher pressu re. 

In a recent trial trip of the Dispatch, which had just been fitted with 
Boden's apparatus, the speed of her engines was 86 strokes per minute; 
pressure of steam on the boiler 15 lb. per square inch; temperature 
on steam pipes, from i^e superheater, 844 deg.; ditto on slide valve^ 
838 deg.; heating eurS^ in the superheater, 2( square foet per horse 
power. 

The amount of superheating sur&oe was greater than in the South- 
ampton, by f square feet per horse power, and the advantage was 
XDanifest by the increase of 89 degrees of temperature in the steam 
pipe above that in that vesseL 

Mr. William Wain, of the Royal Dockyard, Copenhagen, patented 
an arrangement for superheating, which applied chiefly to boilers of 
(^lindrical form with tubular fire-places. Above the fire-places a series 
of tubes were arranged, through which the products of combustion 
passed into the smoke-box and uptake, passing on their way through a 
horizontal flue or passage placed between two boilers, the smoke-boxes 
and uptake being connected with this flue at each end. The super- 
heater consisted of a laige iron steam pipe of suitable strength, sup- 
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au p oihu i Nia iMNed tlM ttotn flma boO«r; ft ywiit tkwg tks 
•aperheater to the other end neareit i3bm engine, to whaoh it imi 
eo mlucted tkmgh the 9Mmry eopyiy pipe. The ^nporheetor wtm- 
fimiidied with intwreefling tabee, pkeed «t diiBvent mafjLm, nAAA 
9ttre aa inoran of heating maAeet The nntbor believed ihet Iff) 
Wain had applied hie nptMB^^w ^ s**""^ bdiltt% tntt^M tmaUe 
te Mpplf any aetnal veenite. 

BuOn^eupettetwfFlg. K^nniMrittndeiterfirilyofnieiMunhM mMiJk 
WM toed witfiia the «nok»ho3i pawdiei with tbetahe plate, andwaapiw 
▼ided with Midft tsheii, pleoed In enwt cooAhraatte 
Sbe upper part of the ehambar at one end oaim i wmi ontod thwu^jet 
pipe with ti» ebeam obeet^ «Bd tl» oAer end opelied inta jtaolher pi|M^ 
wiiieh«onvey«d the adperikteated eteamtothe ojrlinder of the m^^mc 
▲ tnhev fitted with ATslvn opening into the etMm cheat, waa momited 
apen the oatist pipe^ and aenred the pmpoee of admitting mhnaicii 
aleanrifdaML 

To paetaot iigiiiy to tl» iinieilMatefB) whiie the eteam waB faein|r 
tet t ahwd, titt i^a^ahtr wa» fified, on or beifore nomawmdn g to fire 
np^ iHlfa watv frim the boilari wlam ateaaa waa prodooed the 'mtkm 
mm dfawB o£ The appantua might be adapted t» lieai the ted 
water ehljn 

Thie ap^iaratas had been apfAied to the boilera both of jnaxiaa mA 
portable engines. The author referred to one which had been iaai 
eoaaa tiaae ah boards jlity of Naatee titeamer. Alettar^mnl^ 
o em o t a sof tliii rmet atated thattlie apparataa eflboted a sating of a* 
kaet £0 per oenti itt the aonaamption of tae^ beodee givdag udditianalr 
speed upon the screw. 

The coat of ap|didafion waa aboat SSl per hoaoe powaa. Bejond 
the traals noticed the autiier waa not aware that the appantaa htA 
been applied ; bat fiom thoee a prima facie -omB ai^>eand to be made* 
«it in iti &Toni; It eonld be fitted at a leaa cost per hoBM power tiuai> 
most otfaen, and reattaed paaallel reBalfta'with the aaota ooafly eaaa 
Bat agahnt that the drawback wma the neeeantjf of rhftrgiug the 
duoB^v with water wh&rt iitu^g up, whidi obieotioB* wma ahamt iiii 
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obtained a potent in May* 1860, oonaitted of an arraogement of «ltta»> 
ocnuMotod with tlM bo^, and paning througli tlM tube* of tht 
boiler to tha eylindar. It was ajUfclicabia to hii^pnmmr% smdm^ 
loMootiTe^ and ttatkoaiy boilM 

The author inqpeotod tha appanta, at Mr. 0raMW«a*8 worin^ m 
adapted to a portable engifte Sa whioh^ fe rmeri y, grtat dlffidoltj 
experienced in keeping up the steam for mora tkM Im hour at % ^taa^ 
ThBj oonld now keep «t«aiA with the fira<doon opw. The oagino 
rtiwriid to woikad at 95.1h. preiture, or ^ dag. Tho iemperaMw 
w« indicated hj Nogvatti and Zambra** gangaa. Beign the wofm^ 
heatiDghad reaofa^ 1<M) di|^ the aothmr tried the o^iii^bM, ind te^ 
Bopriimng whaiteyarwaatakfaigplaoiw The apparatus appianed to adt 
rmrj effidently. It wai found to aflfaDt ^ Mring of on»4hiid maufSi 
lima, oiMxth of fe^-wataf^ and otar 80 pm o«it in ibal and nMat 
power was got out of lite ongine. 

Greaaweire aupeihaatar waa alaa vpfi^mi, to a f rantiim wn^m, nhare 
it was Ibund invahialdo. In tiia fiiat phMo the diffttoBbo in the qna» 
titgr of watOr required enabkd them to travel aofOn itiika in liMl of fivo 
without iUling up the tai^ thua effecting a aanng in thnk floabadilf^ 
instead of haying a ia^ga TohnOa of ataam imuing iema the fiinnrii 
which waa highlj objodtianaUo on common toad% it waa IMO^ to be 
aotioed that the engines worn a* wask ROnlwHiBf the inqre a sa of the 
pow«r of the enginea-*os the sttam entM the oj^indem at Wda^ 
instead of 2S0 deg.— ths aven^ earing in luftl wm ooteputedatfraakM 
to 40 per cent The cost of the ftppamttts was £S per hoiae pow* 
for bttge boilers ; for those of ft S&mUoT daseription ihs pHot wirts 
stmiewhat higher. 

Near the dose of 1860 Mr. Nowton proposed to piOTent oxidation 
in suporheatiog ppes hj posaiag steam irook the boiler to ft retort 
eoirtaining Uaok protoiide of iron, or othar metal% and iron tumiRgrj 
the retort being. plaoed in the fusnaoe or fltte% or in a s^arato 
fotnaoe^ 

The nocofliity of this arrangeasent a^psared to be negatired apon 
a stMuadsertttiotn of Uie rs{ierts of Pr ofo ss o r Faxadaj and others a]raa4]r 
notioed, the deduction being that the chemical aotien it was hsio 
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ftopoMd to prmot aziited onlj to a yery limited and unobjeetkmaUe 
extent. 

The aathor prooeeded to notice Beardmore and QaDoway^s boikr 
and ^yparatna for superheating steam, represented in diagram Ko. VL 
The boiler shown was of 100 nominal horse power, and contained 174 
tabes 5 ft. long aiid 8 in. outside diameter. It had three flre-pkM»e, 
each 8 ft 4 in. wide by 8 ft. 8 in. high, the fire bars were 7 It kng, 
diameter of funnel 8 ft 6 in. 

The superheatmg apparatus consisted of two diambers commum- 
eating by means of 102 tubes 5 ft 6 in. long and 8 in. ootiide 
diameter, arranged in two sets or fiiggots. Hie steam from the boiler 
entered at the top of the right hand superheating chamber, whidi ivaa 
dtrided half way down, so that the steam was thereby directed along 
the upper set of tubes to the left hand chamber,, returning along the 
lower set of tubes to the lower half of the right hand ohambor from 
whence it was conducted by the steam pipe to the engines. 

The temperature of the steam was finom 860 deg. to 860 deg., and in 
was used unmixed. The amount of saving in ftiel effected was 25 per 
cent. The superheaters had been applied to numerous large steam 
yessels and had been at woriE in some of i^em for upwards of two 
years, haying answered in a yery satisfitctory manner. 

Wethered's apparatus for lunng combined steam, was described ai 
consisting of two pipes leading from the steam chest of the boilor to a 
chamber or reseryoir placed intermediately between the boiler and the 
engines. One of the two pipes passed direct to the chamber conducting 
thereto ordinary or plain steam. The other pipe on its way to the 
chamber was made to pass through the furnace, the steam conveyed by 
it) therefore, was highly dried or surcharged. The contents of eadi 
pipe became mixed in the intermediate chamber, thus the steam was 
supplied to the cylinders at an increased temperature upon tiiat of the 
boiler steam, such increase being determined by the relative volumes 
of wet and dry steam. With a 12-horBe power engine it had be^ 
ound that with a steam pipe 2f in. diameter by 9 ft 6 in. long, and a 
surcharging pipe 1^ in. diameter by 15 ft. long, all the advantages 
resul^g from the use of saturated and superheated steam in oomUna- 
tion were obtained. 
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In oonneoiion with the Buljject the author introdnoed Bamsden s 
patent boiler aa being one likely to effect a great saving in fuel, and at 
the same time to auperiieat i^e steam to a considerable extent 

This boiler, or group of boilers (see drawing No. 12), was formed by 
oonstrocting chambers having one side flat and the other sides and 
ends aemidroolar. These chambers were placed ujNright and ocmneoted 
together in pairs, with their flat &cee opposite, by horizontal water 
tabes. They had also oommanication with each other at the bottom 
by pii>e8y thus a free circulation of water throughout the group was 
kept up. The diambers were connected at the top by cylindrical steam 
dhambers, which were exposed to the influence of the heated vf^urs 
from the furnace. The steam was transmitted thoice to the engines 
along steam pipes carried through the uptake, by which it became 
further dried or superheated. 

One of these boilers had been constructed by Messrs. Horton and 
^km, of Liyerpool, and was at Glasgow, and nearly completed fitting on 
board the Auralia, a new screw steamer of 1,800 tons, fitted with 
engines having four cylinders of 48 in. diameter, and 2 ft. 6 in. stroke. 
All the cylinders were to be worked with steam at 100 lb. pressure. 
There were two pieces of boiler which had been tested to 210 lb. 
water pressure. Each* piece was composed of five pairs of chambers, 
having thirty-five tubes, being in the total for two boilers S50 tubes of 
6 in. external diameter by 6 ft 3 in. long, and having an area of 144 ft 
of grate sur£su». The boiler was enclosed in a casing, and it was not 
intended to i^ply any special superheating apparatus until the effect of 
exposing the whole upper part of the boiler to heat had been ascer- 
tained. 

The author observed that this proposition was about the most 
recent in regard to the subject. Having, therefore, followed the matter 
up, as near as was possible, to the present period, he here drew the 
practical investigation to a close. 

The author was obliged to omit noticing several inventions froib not 
having been able to obtain such information respecting them as he 
would be justified in laying before the meeting. He had illustrated 
principally those which, either from their general use or their own 
apparent merits, might be considered the best examples of the 
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system. Those of qiiesiioiiable utility he had introduced for the 
purpose of oomparison with those whose efficiency had been esta- 
blished and also that the question might be as fiiUy considered as was 
possible in a paper. 

Having pointed out advantages and defects as he proceeded, the 
author proposed to submit the condusions he had arrived at wiiii 
regard to the best method— out of many good ones— for carrying out 
the principle of superheating steam, and of thereby obtaining the 
advantages already detailed. 

Upon the principle itself opinions could scarcely differ when prac- 
tice had determined its high efficiency. Bearing in mind the principles 
laid down in the early part of the pi^^w, upon which depended the 
successftd practical exposition of the system, the author did not thiid: 
he should have many dissentients when he expressed his conviction 
that the apparatus which appeared perfect^ to fulfil the imposed 
conditions, as applied chiefly to marine boilers, was that of Ubi' 
Patridge. He could not make an exception in &vour of Boden and 
Clark's, because for it they appeared to have no patent, and because 
it was virtually Patridge's arrangement, which also appeared to cover 
J^tlin*B me^od. 

Lamb's apparatus implied greater efficiem^, as it offered a greater 
heating 8ur£EU)e; but it was more expensive than Patridge's, than 
which it really could not be more efficient ; if Patridge's effected aU 
that was required its extra capacity became superfluity. 

The simplicity a[ Parson and Pilgrim's plan was of little avail 
i^nst its extra cost and want of durability. 

For boilers of a smaller description the author was fia.vourably 
impressed with Cresswell's method, having observed its effects 
in use, it was more simple than Butlin's, and there was the 
absence of necessity of protection by charging with water during 
the firing up. 

All other conditions being perfect, it ever required time — the grand 
solvent of aH problems — to determine the adequacy of anjr proposi^on 
claiming to fulfil a specific object. To this test, perhaps, Cresswell'B 
ai^Mtratus had yet to be submitted, with, however, every prospect 
success; although, in practical development, obstacles and imp^ 




51 



feotionfly such as no foresight could guard against or precaution obviate, 
would sometimee be found to present themaelYee. 

To surmount such contingencies was to be the successful expositor 
of progress. 
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J. AMOS IK THE Chair. 
OK TH£ SUPERHEATING OF 8TEAM AND THE VARIOUS 
APPARATUS EMPLOYED THEREIN. 
By Pebbt F. Nurbet. 

DISCUSSION. 

Mr. F. Toirng considered a superheating apparatus as only a means 
of prolongmg the life of a system of ill-designed boilers at present in 
use: agood boilOT should superheat and utilise all the heat eyoWed 
from the fuel without requiring the addition of any apparatus. Most 
boHera were very badly designed, they had small steam room, and oon- 
sequently the steam was charged with molBturs, there was a great 
waste of heat, and the steam was scarcely ever maintained at tha 
^originally intended pressure ; and from entering the cylinders at that 
low pressure, was more easily robbed of the force it should derelope. j 

The patent cylindrical spiral boiler of Bando^h, Elder and Co., ha 
considered to be nearly perfect, and the best boiler yet designed for 
marine engines. The waste heat in the funnel after it had left contact 
wiUi any heating surface did not exceed 480 deg^ snd it gave great 
economy in the use of the coal, and an absence of smoke. The boiler 
of the screw ship San Carlos, of 120-horse power, at a pressnre of 50 lbs. 
on the square inch, indicated 531-horse power, burning 1,120 lbs. of 
coal = 2*1 lbs. coal per horse power per hour. 

These boilera use the ordinary sea water, and after steaming more 
thsn 80 000 miles, are perfectly free from any derangement, and the 
ships using them hsTc never been more than three days in any port at 
a time. Every part of the boiler is easily accessible to a man, no stays 
are required, there being no flat sur&ces, and the pressure is every 
where intemaL The cost is very little more than that of the ordinary 
marine boiler. . 
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Mr. Pilgrim stated that he had worthed steam at from 380 deg. 
to 400 deg. for 14 mtrnths, and the cylinders, piston, and the fiiceB of 
the workings of the engine, were not at all injured^ nor did he find the 
packing effected in any way, 

Mr. Qlynn observed that with regard to superheating generally 
dming the last few years a great deal of discussion had taken place, and 
Bs everybody endeavoured to obtain as much power as poesilcde^ super^ 
heating became imperative with the present badly constructed boilm 
With reference to wet steam, the evil might be remedied by the inser- 
tion in the steam-chest of a number of iron balls, whidi effectually 
prevented the passing of wet steam to the cylinders. 

Mr. Carrington in 1847 had made some experiments upon isolated 
«t4am to asoerfcain its expansion ; he found that it did not expand in a 
strai^t l|ne, for at tbe beginning of the line, it began to rise very 
jfmpidly, and afterwards ran parallel with the expansion of air ; he there- 
flore concluded that the expansion of all gases was equal and parallel at 
the same dwtanoe from the generator. He believed that with some good 
^ik or &tty matter wbic^ would not boil at less thau 600 deg» steam 
«ould be superheated to 450 deg. or 500 deg. with safety. In Benson's 
Meam boiler, by means of horizontal tubes, superheatuag could be 
carried on to any degree, and by adding to, or taking from the layer of 
iuhes, the temperature could be adjusted to any degree -tiiat might be 
required. 

Mr. Toung, referring to the apparent absence of ^sensible heat from 
steam at hig^ temperatmres, observed that he had held his &ce four 
inches fr^m. Uie upper gauge-oock of a boiler, with steam at S60 Ibs^ 
pressure, and could not .detect the slightest sensibility of heat. 
. . Mr. Riley said it was a well-known. fyyCst that cold was produced by 
the expansion of compressed gases, the s^isible heat becoming latent. 
Some time sincein Wales, a winding en^^ was erected underground, 
whicb was wolfed by compressed air from the eurfnce, and it was fouikd 
that ice was fbrmedat the escape pipe from the (flinders. 

Mr. Morris stated that in Mr. Pain's fiictory steam was sup^iheated 
by naeans of an apparatus entirely separata frxMDi the boiler, by which a 
saving of about one-third in friel was ^ected. 

The Chairman said his experience was entirely confined to theappii- 
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cation of the superfaeating pnociple on IttndL He hud iatsaid thai prao- 
tioally where weU-proporiiened boilera were in uaei with abnndanoe of 
steam room, and haating ivirfaoe, the gain waa not matatiaJ whaae 
superheaters were employed* 

They applied elcdlently to oaiea whare long linaa of axpoaad aCaam 
pipii^ ekiated^ as they ohtiatad to a eertain ajttant the axoeaaita oott* 
dcnsafeion of the atoatn, and he had found the gain in one aaaa to 
aibount to neirly 15 to 20 par oant. in fiiel. 

The satiie obaerratioiia applied to oaaaa of inmffioiant boiler roonii 
otherwise where the temperature in the uptike did not mvoh aaaaad 
800 de g re efl» but little tiraa to b^ gained h$ aupariieating, and aa muah 
or more might be done by a judidoua ayatam of haatpg the feed 
water. 

On board a ch^ OTerything whiiA m.yad fiial» giiTa nioi« apM foe 
cargo, and if the application of aupeH&aatei» did away with the priming 
which was one of the greatest drawbaoka ineidantal to marine boilen^ 
it was d^y a yCry great improTetoenit. As a matter of prudenoa be 
considered that evo^ boiler shonld be an'S^ni ao M to wodc eiUMT 
with or without the supertieatenb 



Maif 6^ 1861. 
J. AMOS IN THE Chaib. 
ON THE MAirUFACTURB OF IBOK. 
By Edwabd Bilbt, F,CJ8,, late of Dowlais Ironworks. 

The author commcneed 1^ stating the importance of the manu- 
&cture of iron, and attribtttod to the use and applioatiMi of iron, in 
various fbrms, the pre^emineiiee that England daims for her vast and 
stupendous wwks and manufactu re s . 

The extent of the subject he brought beford them necessarily pre- 
cluded him from giving more than a genml outline of the variouA 
prooesses in the manu&oture; his olgect was to endeavomr> as flur as 
he tms able^ to account for some of the various quhlilies of ijron. 
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only recently that inquiring minds had began to investigate the various 
causes that affect the quality of iron, he proceeded to consider the 
different ores used in this country. 

< 0»mmiwwiiig fiiil vitii tha oky ironstones tbe ooal wmmmi 

manufacture of irou, the author then mentioned the discovery of f^e 
Black Band, which was a carbonate of iron, and somewhat similar to 
ike clay ironstone, only containing more gosly matter, and generally 
mam WB^^gbm^ m ixm pgftiloB. Xhii mm rat veirf laxgelj used in Soo^ 

4 ilk liM[» th« clay ironstone only jocqirs In il^ kgp«t% ftlMr 

laeiiei in liiickness, in the mine shale, and is necessarily macH monr 
•Kpensive than the Black Band. These ores are nearly always calcined. 

BefoETe the introdnetiofi of mlwayv tcaroelj any other ores than the 
9Sbm% ivM wmAf m ihif m ^Ihm^ imi mm.iMtt uMi !!» 00^ 
AHiMii^ wob iMir mm imm lBMiiiii» Bwii «• Hw xii Ijiwiiiititf 
fimn ^UffidaH^ of wu v aya nce Hiey were only tisod to « Imiitod 
extent. On the introduction of the railway system the rich ores were 
largely imported, and not only increased the production, but diminished 
ilM €Oil of iron, eaomous qoantities of the red hematite being imported 
into Waki and S(tflbiddilf% from Lano— hire and Omnbedand, whmn 
flw ore oconn xnassiTe, fetm 10 fb. to 89 ft. thidk. Hie yield of Miis 
ore in the furnace is from 50 to 55 per cent., whilst the clay ironstone 
does not yield, on an average, more than 25 to 30 per cent. The 
anthor referred to the foUofffngiMbH fWI^Klng th». »»wlyaaa of ^ 
wious desonption of ore^ 

fHie'next oroi considered di^dred fW»m ^Ihe fhme only in b^ng a 
hydrated peroxide of iron, or brown hematite. As a rule, these ores 
were more siliceous than the former, and the yield of iron was from 
38 to 45 per cent. They were imported largely from jthe Forest of 
Dean, ComwaU^ and Devonshire,. vrhssc& thegr oeoiir aawal ia 
IMiirMWi flwf 9m aiiia im4 iai aoM loadite 
XJaa^iiaMUil^ P^iilifMiiy aod Wwo% 

tta aaHHo ores nvaea Ihett d ia crtfaD d, the principal deposit beixi^ 
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liM Bpnmg ap. HAb ore occurs in su immflnio bed IS ft in thiok- 
nets, of which II ft. are worked, the rest being left for roo£ it ie got 
partly by open and partly by eubtwraiieouB woildngB. The cost ^Iht 
ore is very small in many works, not being more than 28. 6d, per ton 
on the top of the ftimao^ whUsi the day iron ores of Soath Wales and 
Stallbrdshira cost as mnoh as fix>m 12s. to 14s. per ton^ and they are 
not so rich as the Cleveland ores. The cost of the hematites depends 
on the locality (where used) ; in Wales, red hematite is about 208. per 
ton, and brown lis. to 158., depending on it0 quality. The Clereland 
ore is a mixture of a green carbonate of iron, with a little silicate of 
iron. It is always calcined before it is used in the blast furnace. The 
other oolitio ores are tiie Northamptonshire and Wiltshire ores. Some 
are fbund in Lincolndilre and a little in Oxfordshire. These ores are 
hydrated peroxides of iron, of an oolitic and porous structure (not 
solid like the Cleveland) ; from their porosity th^ absorb a very large 
amonnt of water, frequently as much as 20 to SO p^ cent., including the 
water in chemical combination. The quality of the ore varies much ; its 
yield may be takm from 85 to 45 per cent. All the oolitic ores are 
characterised by the high percentage of phoiqphoric acid which they 
contain, differing materially in this respect fr<Mn the brown and red 
hematites. 

Tliere were various other ores used to a smaller extent^ viz., the 
Elba iron ore, which was an anhydrous peroxide of iron, called mica- 
ceous iron ore frt>m its structure ; the magnetic oxide of iron, which 
was found only to a limited extent in this oovntry^ but largely used on 
iht Consent for making the best qualifies of iron ; it was generally 
nearly pure magnetic oxide of iron, and the richest ore of iron known. 
There was also the spathose iron ore, white carbonate of iron, which 
made a pecular description of iron containing mudi mauganese. This 
ore was a white carbonate of iron, and used on the Continent for 
making the iron known as Spiegeleisen ; it was also known as Stahlstein 
or Steelstone. The following Table show^ the composition of these 
ores. 
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Silica • » 

Peroxide of Iron ... 
Protoxide of Iron .. 
Peroxide of Manganese 

Lime 

Magnesia 

Phosphoric Add 

Moisture 

Combined Water ... 

Sulphur • , 

Iron 

MetaUic Ir^n ... 
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There U also appended to the preceding table the analyafl of the 
various oinders firom the fine)*yi the' forge, and tl^e mil], which are all 
returned to the blast furnace (except in some works where they make a 
first class description of bar or plate iron, in which case they are gene* 
rally sold to other works), for the manu&cture of a Iowot dass of iron. 
Cinders xxm only be used to a limited extent, as they always reduce 
the quality of iron fix>m the high percentage of sulphur and phosphorus 
they contain, they are occasionally worked alone on a furnace for the 
manufocture of ballast iron for ballasting ships, this iron which is ex. 
oeedingly weak, is known by.the name of kentledge. 

The aulhor haying described the various ores used in this country, 
then proceeded to consider the fuel, which, in his opimon, was of even 
greater importance than the ore. 

It was only in certain districts that the coal could be used raw 
When coal was used raw, or mixed with coke, its mechanical condition 
was qf great importance, as it was necessary that it should bear the 
weight of the materials without crushing, and also that it should not 
decrepitate ; as the latter property made anthracite a less valuable fuel 
than it otherwise would be for itaa smelting. The author referred to 
the following Table of analyses of cools from various districts. 



TABLE IIL 



Andlyns of Blast Fwmace Coal, hy the Author, 







Welsh. 




Staffordshire. 




1. 


2. 


3. 


4. 


Coal. 


Coke. 




89-50 
4-37 
1*25 
8-14 
•54 
1-20 


88-13 
4-51 

1- 41 

2- 94 

1- 01 

2- 00 


87-62 
4-34 
1-13 
2*58 
1-06 
3-32 


82-60 
4-28 
1-28 
3-44 
1-22 
7-18 


76-32 
6-18 
1-38) 

10-74; 
1-01 
5-37 


85-14 
•78 

1- 24 

2- 16 
10-68 




100-00 jlOO-00 


100-00 


100-00 


100-00 


100-00 
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TABLE in— Continued. 
A8h£9 of Bleat Furnace Coal, hy the Author, 







2. 


8. 


4. 




Alumina 

Peroxide of Iron . . 

Magnesia . . 
Sulphuric Acid .. 
Phosphoric Acid . 
Sulphur . . . . 


85-73 
41-11 
11-16 
2-76 
2-66 
4-46 
•99 


24-18 
20-82 
26-00 
9-38 
9-74 
8-37 
•21 
•14 
-24 


37- 61 

38- 48 
14-78 

2-68 
2-71 
-29 
2-00 


89-64 
89-20 
11-84 

1- 81 

2- 58 

8-01 


* 

1. Dowlait Upper 4. ft. Coal. 

2. Has Qaa. 

8. Bargoed Big Coal 
4. „ Tomo Yard Coal. 




98-83 


99-08 


98-40 


98-08 


* These numbers refor to both 


Metallic Iron 


7-80 


18-68 


10-30 


8-28 


Tables, and allude to the same 
Coals. 



When the coal is hituminous, it has to be coked ; or, if only mode- 
rately bituminous, some may be mixed with the coke in the blact- 
fumace. The question of coking was of great importance. It could, 
however, be only touched upon briefly. Formerly coal was coked in 
open clumps, but now ovens are more generally adopted, as the yield 
is much better, and small coal maybe coked. The author did not 
think that a very hard coke was essential for iron-making. It was only 
necessary to have it sufficiently hard to prevent its being crushed in 
the furnace. 

The question of the ash in the coal was of great importance, as 
from its being in intimate contact with the carbon of the coal, and 
necessarily exposed to a high temperature, the various ingredients it 
may contain are imder the most favourable circumstances for reduction; 
and any remarks made on the impurities contained in ihe ore will 
apply with double effect when they exist in the coal-ash. Besides tiiis^ 
the state in which they exist as to their chemical combination was of 
great importance. Thus coal contains sulphur as iron pyrites, and 
Bidphiu: in a free state, or combined with the carbon in some way not 
understood. The former is far more likely to alloy with the iron than 
the latter, as the greater portion of the free sulphur would be volatilised, 

F 
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whereas one-half of the sulphur in iron pyrites would still remain with 
the iron. 

The author then proceeded to describe the quality of iron that the 
various ores made when the furnace was in normal working condition. 
The day ironstones unquestionably made a very superior qualify of 
iron. This was due partly to their containing no free silica as sand or 
quartz, but the whole of the silica, or nearly so, existed in combination 
with alumina as clay. Besides this it contained a moderate amount of 
lime, magnesia, and a little potash, which, by the addition of a small 
amount of limestone, form a readily-fiisible flux. The ore containing a 
little phosphoric acid made the iron work easily and not redshort. 
The tendency of the hematites was to make an iron of a siliceous character, 
as the ores generally contained quartz, and no alumina, or very little, 
and only traces of lime, magnesia, &c. The ore also being free from 
phosphoric acid, the iron was generally redshort. There are a few 
brown hematites which are calcareous, but they are generally siliceous. 

The oolitic ores were distinguished by the high per-centage of phos- 
phoric acid that they contained, as a rule, and the cold short, nature 
of the iron made. The Cleveland ore contained an excess of alumina, 
which had the effect of making the cinder from the furnaces less 
fusible. This had been obviated by mixing siliceous ores with the 
oolitic, or, in some cases, by adding silica as sandstone to the blast 
furnace, for which there was a patent. This, however, required great 
caution. 

The Northamptonshire and Wiltshire oolitic ores differed much from 
the Cleveland. They contained an excess of silica, and made a pig- 
iron conta&iing both a high per-centage of silicon and phosphorus. 
Before the railway system was developed to its present extent, it was 
always considered that the ironstone should be carried to thd coal; 
but, partly by increased fetcilities of communicaidon, and partly by 
improved manu£stcture, it has in many cases been found Aiore advan* 
tageous to carry the coal, as coke, to the iron ore, and recently large 
works have been established to smelt the ore in Htn in Cumberland 
and Lancashire, and Korthamptonshire and Wiltshire. Pig-iron is 
made at these works at a much cheaper rate than from ores of the coal 
measures, and it is only by the use of large quantities of foreign ores. 
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find forge omden^i^t the StoflbMLBhire and Welsh wotkB 

ean at all compete with them. 

In the Cleyelaiid di^arict the supply of coal is broaght from 
Durham, and it is only by the superior quality the Welsh and 
Staflbrdshire coal and its lower coat, that these works can at all com- 
pete in maldmg bars with the Cleveland dislxict In pig they cannot 
at all compete,^ regards cost, either with this district or the Lancfr- 
iMt^ NOTththamptonshire, or Wiltshire. 

When seyeral kinds of iron ores are used, as is the case at the 
Welsh wt)rk% by the judicious mixture of them« any peculariiy in the 
quality of ircm, which an ore may produce, n^y be mu<^ modified. 
The author thought that the beet results would follow by using the 
Cleyeland ores with siliceous hematites. The cost, however, of the 
latter, in comparison wiili the former, is so greats that they can only 
be used in Cleyeland to a limited extent. 

Mocii had been said and written on the hot-blast, and the oj^^NOi 
on. it w«re much at variance. The author did not think that it injure^ 
the iron to any extrat when the furnace was in prop^ working order, 
and certainly its benefit, by reducing the yield of coal, far outbalanced 
any difibrence in the iron ; hot-blast iron was in faot, more adapted ica 
some castings than cold-blast; Therf are s<mie valuable ^sperimenjlis 
on this point published in a ranall w<»^k by Mr, Fairbaim, <m: 
iBahit£ftetuEe of iron. T^ author thought that, in m^y cases, a 
grefstrar saving had been ascribed to the hjot^blast than' really took 
place; and that the greatly intareased malces of many fnrmim must b^ 
aiscribed partly to the better burden or proportion of n^teria|s in thi 
furnace, increased pillar of blast, and in^rovements in filling. 

The shape of the blast furnace wi» ne^ oonsidered. This dijQ^ms^ 
mudi in various localities, each works having, id mapy oflkses^ a pattern 
of its -own ; it depended a great deal on 1^ ores smelted, and the fai^ 
used ; where coal was used, the furnaces were gen^^ally larger at thu 
thn>at <Mr top. A ^Of^hum wm exhibited, showing a form of &imace 
#faioh had wosked remao^kably well on a mixture of coal afl4 coke, and 
mixed iron ores and cinden. 

It would natorally be supposed l^t a furnace, by wor]cifii& would 
woi^ ^^self into the best form for smelting. This was not, however 
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the oaie, as many fumaoea that had alt(«ys worked well were fbnnd^ 
when bk)wn out^ to be very large in the faeatth, haying increased from 
6 or 7 ft, (the usual size) up to 12 ft., which certainly was not a good 
shape. Much depoided on the filling a furnace, and its ss^nlar 
working ; when this was not thb case, the heaM, or bettdm of the 
furnace would rise flrequently one or two feet, and, unless this was 
got down, the furnace never would work well Qreat cave shainld 
always be observed in making the hearth solid, so that it would 
rise. The best material was conglomerate, but this; fhmi its hardnees, 
was expensive, and generally large dovetail bricks were used; tiio 
hearth being put in before the bodies or lower part of the furnace, 
which was always built independent of the furnace itself and rested on 
theheartii. 

The pillar of blast at tlM various works differed much. Formerly 
the pillar was not more than fpom 1^ to 2 lb. per square inch, but 
this had been gradually increased up to 4 lb. and even 5 lb. per inch, and 
inractioe has shown that the higher the pillar of blast the larger the 
make of iron, the same materials being used. When there is an ex- 
cessive pillar of blast, and the furhaoe is what is called driving, ^e 
quality of the iron is as a rule reduced, and, at the same time, the yield 
of coal and limestone (the furnace working on a scouring dnder con. 
taining a& average Of four or five per cent of iron). 

It was thought Yerj questionable whether this driving, as practised 
at some works, was desirable; at t^e same time, the author thought a 
furnace might be made to work on a cinder, inclining to grey^ which 
would make a very fair quantity of iron, and it wotQd prove inueh. 
more profitable when taken to the forge than pig 'made when the 
fdmaoe is working on a scouring cinder. 

The greater €Le pillar of blast and the hotter it is the less will be 
the quaniity of limestone used, as s furnace will not drive when it is 
heavy in limestone. 

One of the greatest improvements since the introdiiction of hot-blast 
is the application of the waste gases, from the tunnel head of the blast 
furnace, for heating the blast and raising steam. The advantage of this 
is now generally acknowledged, although prejudice has hitherto been 
veiy great against it. Many works, having tried it and abandoned it 
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have rseentlj tried it again, and from the good remiHs thej have 
obtained, acknowledge not only its great saving, but the great advan- 
tage it has in not only heating the blast better, but in raising more 
steam than can be e£fected by any amount of firing. 

The plan usually adopted is to dose in the top of the Aimaoe with 
a cup and cone, the cup being 6 ft. 6 in. at the bottom, inclining at an 
angle of 35 deg., the cone 7 ft. 6 in. at the base, inclining at an angle 
of 40 deg. A cone of the above dimensldns has been 'found to woik 
very well ; the cone is depressed by a counterbalanced lever. Besidea 
covering in the top of the furnace, the auUior considered that the cup 
and cone was the best form of i^paratus for filling the Aimace. In an 
ordinary open top furnace the materialB are charged by barrows into the 
centre of the furnace, the consequence being that the materials assume 
a conical shape, all tiie lumps rolling to the sides where the blast 
always lias a tendency to creep up, thus increasing that tendency by 
giving it a freer channel, whereas in the cup and cone system of filling 
the materials were spread by the cone to the sides of the furnace, and 
the lumps rolled into the centre, thus making a channel for the blast to 
come through, and the furnace necessarily works better. In some cases 
1^ furnace top is not closed at all, the gases being brought down 
through orifices in the brick-work below the chaiging plate, or in other 
oases a cast-iron tube is simply let down in the furnace. 

The gases are brought down in a tube below the charging plate. 
One 8 ft. in diameter is found sufficient for two furnaces. If it is 
laiger, the dust, which is always brought down with the gases^ is apt 
to accumulate. The gases are then conveyed, generally by wrought- 
iron pipes, to the boilers, and to the hot-blast stoves, where it is mixed 
with the requisite quantity of air through holes in the brickwork, or 
perforations in iron doors. The dust which is brought with the gases 
is apt to adhere to the boilers and the flues, and they require cleaning 
occasionally. In most cases, when the gases have been brought down, 
the heat has been so much greater than by the old system of firing, 
that the stacks have cracked, and, in some cases, it has been necessary 
to replace them. 

The author exhibited the following table of the analysis of the 
blast-furnace cinders made on an equal weight of cinder taken from 
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every fuxnaoe (thirteen in number) ejery daj for a week^ the portions 
from each fomaoe being intimately mixed together and then analysed* 
He considered, in many o£ the analyses hitherto published, that the 
mo. waa ^far too high, and that the quantily run away at ihfi yarious 
works in the cinder was not so laige as generally supposed. He had 
carefully gone into this subject, and found that, in previous analyses, 
manganese was frequently neglected, also titanic acid, which, the author 
was prepared to show, was an ingredient in all clays and shales, and in 
most iron ores, although from the yery great difficulty of even detecting 
it, much more determining it, had hitherto been passed over and weighed 
with the iron, and, in some cases, manganese was weighed with it. 

On inspecting the analyses it would be foimd that, practically 
speakings all the phosphoric acid alloys as phosphorus with the iron, 
and that only when the furnace is on a scouring cinder containing 
some amoimt of iron do you not get any quantity of phosphoric acid in 
the cinder. 



June Zrd. 
B. M. CHRISTIE in the Chaib. 
ON THE MANUFACTURE OF IROIH. ^Continued, 
By K RiLBY, F.C.a, late of the Dowlais Iron Works. 
The various qualities of pig iron were considered ; they were known 
in commerce by the Nos. 1 to 6, Nos. 1 to 8 being foimdry iron, and 
Nos. 4 to 6 grey forge iron ; besides these there was also mottled and 
white pig. No. 1 iron was only produced when the furnace was in the 
best working order, and required a heavy burden of coal and limestone ; 
it was consequently, the most expensive iron to produce; any little 
irregularity in the blast-furnace soou reduced the iron to the lower 
numbers, at the same time altering the cinder, which was very grey 
when No. 1 iron was produced. 

On referring to the analysis of various qualities of pig iron (from 
No. 1 to 6) see Table 5 A, it wiU be seen that the per-centage of silicium 
is directly as the quality of the pig, being the highest in No. 1, and 
lowest in No. 6 ; whereas the sulphur is inversely as the quality of the 
pig, being the lowest in No. 1, and highest in No. 6. The phosphorus 
is a constant quantity. The samples of pig analysed were made from 
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the same materialfl, see Table 5 B. The carbon does not differ Tery 
inaterially in quantity in the grey iron, but as you get on to mot&d 
and white the carbon then becomes either partially or wholly combined 
with the iron, whereas in voy grey iron the carbon all ezists as grH>hite. 

TABLE 5 A. 



Analysii by the Author of Orey Pig Iron from Oolitic Iron Oret, 
Silicium, Sulphur, and Phosphorus only determined. 





Silicium. 


Sulphur. 


Phosphorus. 


Ko. 1 


4-717 


•036 


•867) 


„ 2. 


8*659 


•077 


•917 >• Fotmdry. 


„ 8 


8*909 


•096 


•968) 


„ * 


8-140 


•196 


•7241 


„ 5 


2-257 


•160 


•926 V- Forge. 


„ 6. 


2-197 


•248 


•898) 


Orey Pig Iron from Oolitic Ore (different District to the above). 


Ko. 1 


8-21 


•044 


1-806 Foundry. 


„ 5. 


2-67 


•081 


1-858 Foige. 



TABLE 5 B. 
Welsh Pig Iron, 





1. 


2. 


3. 


4. 


5. 


6. 


Silicium .... 


2-16 


2-22 


1-96 


1-21 


1^14 


l-0» 


Carbon .... 


814 


8-05 


2-90 


2-71 


2-25 


2-37 




94-56 


94-34 


95-39 


95-10 


98-87 


95-58 


Phosphorus . . 


-63 


•63 


-68 


-64 


-82 


-76 
-22 


Manganese . . . 


•50 


•83 


-28 


•14 


•17 


Sulphur .... 


•11 


•09 


•04 


-46 


•77 


-73 


Nickel Cobalt 


•05 


-07 


-04 


-03 








101-15 


100-73 


101-19 


100-29 


•02 


100-75 


No. 1. . . . 


No. 5. 


Furnace Cold Blast Grey Mine Pig Iron. 


„ 2. . . . 


„18. 


Do. Hot „ 




ft 




« 8. . . . 


„ 5. 


Do. Cold „ 


Mottled 


99 




„ 4. . . . 


„ 5. 


Do. 




White 


91 




„ 5 & 6. . 


White Forge Common Pig Iron. 
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Wlien the snlplnir if praent to any extent in an iron ere it is difficult 
to obtain grey iron, and when it if in large quantity it becomes almost im- 
poBsiUe, nnlesB it be mixed laigely widi other ores, the effect of salphur on 
gr^ hron being to liberate the earUm, and lednoe the qnality of the iron. 
Experimentally, if sulphide of iron be mixed with grey iron graphite is 
separated, and if the sulphide of iron is used in any quantity the iron 
becomes white'; thus it ia that finery and forge dnders always make, when 
used alone, a white iron, ftom the high per-oentage of sulphide of iron they 
contain* 

In^conridering tlie quality of gr^ pig-iron for foundry purposes, it must 
be admitted that the chemical composition of the pig is not necessarily an 
indication of its strength ; and- it is always necessary that its physical con- 
dition should be considered, althou^^ as a rule, which generally holds good, 
yon will find that pig-iron whidi contains a high per-eentage of sSleon is 
weak, and more especially so when, besides this silicon, the iron contains a 
high per-centage of phosphorus, as the pig-iron in Table 5 A and B, whieh is 
generally the case in iron made ftrom the oolitic orea. The sulphur cannot be 
preset to any extent in yery grey iron ; it never exceeds^ and is generally 
bdow, '05 per orait. in Ko. 1 and No. 2 foundry pig. Pig-iron after being 
remdted is g^eraUy increased in strength. This is due more to an altera- 
tion in its physical condition than to any chemical change, and is probably 
due to the iron becoming more homogeneous and uniform throughout It 
has been found practically that a very siliceous iron by being remelted was 
greatly increased in strength, without in any Dray altering its chemical 
composition. 

It would naturally be asked, has the chemical composition of pig any- 
thing to do with its strength, and is not its physical condition the main 
point ? The author considered that the chemical composition was of great 
importance ; at the same time he admitted that the composition of pig-iron 
was not well understood, more eq[)ecially as to the way. in which the various 
elements existed and were -ccmibined. He also thought that some etunents 
existing in pig had hitherto not been detected ; he had himself in several 
instances, detected titanium, which, he believed, had not been found before. 
Again, the elements in pig-iron— more espedally carbon and silicon — were 
capaUe of existing in very difbreot states, known to chemists as allatropio 
conditions (or the same eUmmt existing in a different physical state, and 
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not unfireqiientlj- playing a diffsvent part in oonb^tion). Thos we liave 
carbon as the diamond, graplute, and dutfooal ; and we havB yet to leam, 
not only in what oondition the two dements , above named ovist in yarions 
qoalitieB of inm, but also, ftom the great similari^ in many oi the pro- 
perties of tbem, whether they may not in fact, r^klaoe to jome .^tent, eadi 
other; and thus, possibly, yon may have siBoott playing the part, and, in 
het, become equivalent to carbon in <»rtsin oases. 

It has recently been shown, by Professor Sbtodie, that carbon has, or 
ought to have, three different atomic weights, and you may liave carbon 
existing fai Hs three states in the various qualities of pig, altering it 
physically, and differing only chemically, in the aggregation of its atoms, 
the actual amount ci carbon being identical. 

Undoubtedly as our knowledge and experience increases we diaU be aUe 
to give more sati8&ct<»7 reasons than we can at present, as we are only 
able to draw general conclusions which the author considered to be, as 
a rule, correct. 

Pig-iron from various localities was then considCTed, tlie Welsh b^g 
generally noted for its strength. It was not so fluid as the Scotch and 
Staffordshire, which was . more ad^ted for light castings. The general 
effect of silioium and phosphorus was to make iron more fluid, but to 
diminish its stroigth. The hot-bl^st iron was also considered more adapted 
for some castings than others. 

Various processes, were noticed icH* toughening pig-iron, which generally 
consisted in reducing the impurities by a inrocess of refining or oxidation, or 
mixing wrought iron or metal with the pig. 

The treatanent of the pig in the refinery and the construction of the 
latter were next conadered. FOTmerly the pigs were re-melted in the fipeiy, 
but in many W(»>ks the iron was run direct ^m the blast furnace into .it* 
White pig was much more eanly blown than. grey pig; the former. quality 
was generally used in Wales for rails and l^s, and it is only when the yeiy 
best quality at iron is made that grey pig is used. 

The finery has, however, in many works been superseded, and the pig is 
taken direetly to the forge and puddled. When pig is used in the foige ^t 
is called boiling ; when metal puddling, in some works it is still found ad- 
vantageous to use the finery partially, and it is only when the pig. is of good 
quality that it can be done away with altogether. 
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The author then nferred to Pageants of the pndd liag fcma e o, moi. 
noticed the great improvement that had been effscted by the nae of em^ 
konbottoms. They were generally I4 to 2 in. tUek, and rttted on kon bars ao 
■as to allow the air to ke^ them ceoL In boiling tiie aoUsn of the item 
and cinder (winch was mncfa more fluid than in pnddling) was very great <m 
the sideB or boshes ot the f amac% and gfe«t diflfwn% was fsxperieBoad in 
keefAii^ them intact. limestone had been fbnnd to stand better than any- 
thms akhough it made the iron rodshort, and was ot^leetionable on this 
aoconnt. Bed ore had been used, and a nnxtnre of red ore, hammer slag, 
and lime with more or lees success; also spathose iron mre had been ibnnd 
to stand very and in Anifrica steatite or soapstene, had been used snc- 
cea^Uy. Some works had a mixture of their own, which was kept secret, 
bat generally consisted of red ore, hammer-slag, and lime in varions pro- 
fwrtiong. The maintanance of the .boshes of :the puddling-fiimace was of 
great importance in an iron works. In Staffoidshire calcined tap cinder was 
used for the bottoms of puddling-fiimaces. 

The various (]tnalities of pig, .and their working in the forge, wore next 
conndered in Wales, where white pig-iron was uaed, there were two, per- 
hiqiB three, varieties, wbioh worked very differently in the forge. First, yon 
have what is technically called strong iron. This iron is more or less 
siUeeous, and casts solid with a convex face when cast in sand or ashes ; with 
a cencave face, when cast in chills (cast iron moulds). It is very sonorous, 
and rings like a bell when struck and breaks with a perfectly solid white 
and crystalline fracture. This is the best description of white ibxge iron 
and will make bars or rails of excellent quality. 

The next description of white forge iron is when the pig cmitams a hi^ 
per-centage of sulphur and phosphorus ; the iron is then thick, and runs 
into the chills or sand with a very rough face covered with warty excres- 
cences, strikes dead like lead when struck, is frequently not solid, and is of a 
dark white colour ; this iron is known as weak iron,, and is always produced 
from finery and forge cinders, when they are uoed in any quantity on tite 
hlast-fumace. 

When very siliceous iron ores are used the tendency is to get a siliceous 
pig. Finery and forge cinders do not, as might be anticipated, make 
a .siliceous iron, except when they have been calcined, and rendered 
in^ible. 

In some cases you have pig-iron siliceous and weak at the same time 



76 



from the praMooe of tnlpliiir and phoephonu. The pig is then of tiie wont 
poeeihle kind. 

Silioeoiit plg-hron is much more difficult to refine or paddle than weak 
pig. The anthor mentioned a case where white pig-iroa, ocmtaining 3^ per 
cent, of silicon, was blown for seven hours in the fineiy, and was not then 
refined; this pig when puddled, woi^ed to a yield of 27 cwt. of pig to a ton 
of puddled bar, and after two heats the men would not work any mote. It 
was found in practice advantageous to mix the strong pig with the weak in 
the forge. The author considered that silicon to a certain extoit m foige 
l^g was advantageous. He found that the best white f6ige pig contained 
from 1 to 1^ per cent.; also pig made wholly fh>m Welsh mine contained 
the samo amount. This percentage of silicon gave what was known at 
streitgth to the inm, but when the silicon exceeded the above-named pro- 
portion, then the iron became difficult to Work ; the effect of the silioon was 
.to retard the paddling process, and thus it gave time for the impurities to 
be more completely separated. 

The skill of the puddler was of much impcnrtance, and the author 
warned all engineers not to rely on single experiments made on -the yidd of 
pig-ur(m. The only way to get at the true result was to take the working 
of a whole forge. 

The average quantity of coal used to make a ton oi puddle bar in 
Wales was 17 cwt , in some cases less, and the quantity of pig from 22 
to 23 cwt. 

The next point considered was the mechanical treatment of the iron. 
This the author considered a very important one, and quite irrespective of 
its chemical composition. In most works in Wales the squeezer is used, and 
in some works a pat^t squeezer, consisting of three grooved eccentric 
rollers. The latter was considered preferable to the former. - The other 
mechanical means of compressing the iron were the old tilt-hammer and the 
steam-hammer. Formerly the old tilt-hammer was the only means of com- 
pressbn. used, but since inferior iron has been made by driving the furnaces 
and using the forge and finery cinders and impure ores, the iron would not 
stand the old tflt, and the squeezer was introduced, by the use of which 
almost anything can be shingled into a bloom and passed through the rolls, 
whereas with the old tilt-hammer, the iron from the first has to bear the 
full weight of the blow. This does not apply to the steam-hammer, as with 
it the blow can be regulated to any nicety. 
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Lately aogineen, in their spedfioationi, hare sti{nilated that the iroa 
shall be hammered, and net squeezed ; and the plan has been adopted of 
donbUng the paddle balls by slightly hammering tiiem, placing them one 
on the other, and welding them into a slab, for the head of the rail; this 
makes tiie rail-head crystalline, and not fibrous, as it is only once submitted 
to the drawing action of the roUs. 

The iron, after squeezing or hammering, is passed through the roQs, and 
rolled iiit6 No. 1 iron or pndfle bar, which is cut by diears into tha 
leqnirite lengths for the snbsequent pile. 

The different methods of making the rarious piles fbr rails, Scc^ were 
entered into, the great ofeject in piling being to get the pile as solid as 
possiUe, and firee from interstices. The piles were frequently made of 
paddte bar of diflSsrent widths, pflM akemately, so as to break the joints, 
and also, in some eases, the puddle bar was ciit in short lengths equal to 
the width of the pile, and each layer piled at right angles to the previous 
one. This had a tendency to make the iron less fibrous. 

Hie various sections of rails in use wer6 then alluded to. The double- 
headed nul geneaiily was made with slabs at the top and bottom of the 
raiL For the best quality of rails they were about 2 hk in thickness, 
and the raOs were doable-heated. Some engineers had their rails made of 
tiiree hammered slabfl, one piled <m the other. 

In rolling the flange, or American rail, a particular description of cold 
short ircm was niade for the flanges to stand the strain that there neoessarfly 
must be, from the rails bemg rolled edgeways, and the flanges not travelling 
at the same speed (froiti the less periphery of the rolls), it was necessary 
that the flange portion of the'rafl should slip; and partially on this 
account, and also on'aeeonnt of the flange becoming colder than the 
mass of the rail, it was difficult to obtain a perfect flange, unless a 
peculiar description of iron was used. ThU iron was made generally 
with forge dndmi and Wdsh ironstone, without any red ore. In the. 
bridge rail, which was rolled fldt, - head up and down, the iron was 
only liksly to rip by becoming ctid, and was not subndtted to so great 
a strain as with the flange raiL' For common American rails, the slabs for 
the heads w^e firequentiy not made more than fin. thick, and the 
rails were only single-heated. 

The way in which a rail has been piled, and the thickness of the 
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top dab for tlie hMid, may be easily defeonniiied by fiUng a seetSon of 
the ran smooth, and acting on the sarikoe with dUate mfoeral add, 
which disMlTes the iron, and leaves the cinder in welds or joints 
intact. 

' Bails being sabmitted to a diflbrent strain to other descriptions at 
iron, it was soon foond that the fibrons iron, soch as is nsed for making 
cable bolt, was not adapted for them, as the iron was too soft, and strips 
cr ribbons soon began to pare off the rails. Vaiions means have bseo 
adopted to make iron crystalline and hard. As a mle, the more yoa 
vdD iron the more fibrous it becomes, np to a certain pofait, and for this 
reason many engineers have the slabs for the heads of the rails hammered, 
so that they may only be sabmitted to the drawing action of the roHs 
oniDe. Since the introduction of the oolitic iron ores, it has bem foond 
that, by smdting them with a mixture of a Utde cinder and day iron* 
stonie, that a peculiar description of cdd, slunl, orystallised iron is pio- 
duced, and this iron has been very laigely used for the manufacture of 
tii^ heads of rails. Hie pecnlar description of this iron is due to the 
phosphMTus which the oolitic ores contain. Pbosphoros has the property, 
when alloyed with iron, d making it work soft imd cold diort. 

Sails made with this iron hare been very fiivonrably r^nnrted on by 
engineers. The iron, although hard, is very weak, and tiie aothoi's 
dpinicfn wa^ that hard iron might be miade with equal advantage by the 
use of manganese, ^Hthoat, at ithe same time, reducing the strength, as 
you do whffli phosphorus is pnesent. 

Some foreign engineers have even gone to the length of making it a 
dause in their spedficationB for rails that tbey shall break when a 
given w%hi is let £all upon the rail resting on bearings at a i^tedfied 
distance apart 

^ngle-heated rails require abodt 12 cwt. of coals to the ten, en an 
average, and donble-heated about 16 cwt. 

The author, after apdogising for the very brief way fn whidi bo 
had conndered tiie various prooestes in the manufacture of iron, next 
proceeded to consider some of the recent improvements that had hem 
sugge^ited and carried out for the manufacture of iron and steel. 

The most important, perhaps, was the Bessaner process, which, when 
first put fordi by Mr. Bessemer, in 185d, caused quite a sensation in 
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the tnid^ The anlfcor vat, ht that time, at the D^wlais Works, and 

made a series of expoiments on the precees, whkb were detaOed. The 
results of tbe experiments were, tilai only from the very best descriptions 
of foundry iron eoidd wsdn^ iron be produced which had at all the 
cbaraeie# of ordiiiiay bar iron, and even this was of a peculiar aystal- 
line striicthre, and had the ap^earanoe of burnt iron. When the ordinary 
forge pig, Tised for making bars and rails, was operated on, nothing could 
be done with it at alL The iioil, after blowing and casting, when sub- 
mitted t6 the action of the squeezer, crumbled all to powder and dust; 
and it was on^ by using rery great eare that a piece was made inte 
a bloom and ■ passed through the rolls, the bar was. as brittle as ^^ass, 
said broke, when stmdc, in all directions, longitndmaUy and transversely. 
13ai& som^ results as the above were obtained by experiments at various 
other works, and only whdn such , pig as the best Blaenavon Foundry, 
foreign ot pig made firom spathose iron ore was used, that any good 
results oonld hto obtained* 

The alitfaor investigated the cause of the fiulure of the process and, 
on analysing samples of the pig, and the iron after blowing, he found 
thai the whole t>f the carbon and silicon had been separated absolutely, 
ss not a trace cenM be found ; wjker«as the sulf^ur was only slightily 
diminished in quantity, and the phosphorus, if anything, increased^ From 
the «boTe^ it was evident that the non-separation of the latter elements 
was fhe eause <^ tist IsUure, in a great measure^ with ordinary white 
foigepi^. 

Bessemer instituted a series of experiments on his process, and 
erected weriBS at Sheffidd to oacry it out practically, fi^ fonnd 
that he had been m enor in nsbig s^e of the best de8fa:q>tion and 
behest priced irofis, as ^ere were others in the market which we^ 
fiir T^eaper mad nmch more adapted for his process. On analysis, it w^ 
foimd that the grdy pig made in CuH^erland and Lancashirei from the 
red hcteiatites, was neifrly tree fr(m siaj^hnr and phoq;>horuS| containing . 
net mor^ than *05 per cent, oi the former and *10 per cent^ of the 
Utter. Hiis iron is very siliceous, but by blowing the whole of this is 
separated; by blowing this iron> and a^ing, after the blowing, some metallic 
manganese, or an alloy of iron imd mimganese, iron or steel of any 
quality could be made. The. author, before comadering the conditicm in 
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which he eonrfdered the Batsemer iron to be, detailed mere experimeiits 
he had Mde on wrought iron in a ftised state. 

The retolto of the experiments (which h«d been frequently repeated) 
were, that if tiie very best fibrous cable bolt iron was melted in a day 
crndble (so as to be kept away firom carbon), a crystalUne ftised button 
was obtained, which had somewhat the appearance df antimony. This iron, 
when worked by a smi^ was Tsry redshort, and after welding, it \ftt:ke all 
to pieces as the heat came down, although at a low temperature it 
worked tokcaUy welL It was in fisct, in the same condition as the 
Bessemer iron, and was, in tUs state, useless. On adding to the pieces 
of iron (from 1 to to 1^ lb. were used in eadi pot) a rery sAufl amount 
of metallic manganese, from 1^ to 8 or 4 per cent., in various experiments 
it was found that the lower quantities of manganese restored all the 
original properties to the iron, and that anything could be done with 
it, and it would work at all temperatures. The higher proportions ot 
nwitillif manganese gave the iron a steely character, and in fact converted 
it into a low steeL Experimente were also detailed on the reduction of 
wrought iron in a fiised state direct from the best day ironstone (by> 
leaving an excess of oxide of iron in the cinder) ; the iron thus produced 
was usdesB, as it would not work at a high temperature, but woiked 
moderately weQ at a low heat 

The autiior considered that a small amount of carbon was essenti^y to 
wrought iron,«and by the joocess of mating or the Bessemer process, this 
small amount of carbon was removed. By the introduction of metallic man-, 
ganese, the carbon was taken by the iron, and the manganese would become 
oxidised, and unite with the silicon or other impurities in the iron. It was 
well known that ing-iron made fitmi the spathose iron ore, not only con- 
tained a high per-centage of manganese, but also a higher per-centage ol 
carbon than any other description of pig. This iron was generally white 
the author never having seen it better than mottled, and he bdieved great 
difficulty would be experienced in getUng it grey. Manganese certainly has 
the property of fixing carbon fai inm in some way not very w^ understood, 
and when this metal is alloyed with iron he considered that the manganese 
would be completdy separated before the carbon was toudied, and in its 
separation the oxide of manganese being an excdlent flux, it woidd have a 
tendency to separate the impurities in the iron. 
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The rednetioa ot mmgtnm from its ores, and tht diflevltiM attendfa^ 
it» were mentioned in innstntkm of the propertkt of thii netel, §mA the 
aothor ceneidned that the appUeation and ose of minganeea in the manv- 

fiustnm ci iron was most important. 

The aothor then reArred to drawings of the Tessel Mr* Beseeaer need 
fMT his prooeas. One of the great difllcnltiee was In getting the tt^feies to 
stsjid, as the flnxing action of the oxide of iron and the temperatore in the 
Mowing veassl was Ytrj great In serecal instances a whole flre-bciok had 
been fluxed away in twenty minntes. By nstng powdered sa n dstone, known 
as ^^ganister,** the fluxing action was not so great, and a ftirther improre- 
ment had been made by intrdondng the toyere from the top, and making it 
altogether independent of the vesssl, so that it ooold at any tinM be with- 
drawn and rqplaoed by a new one. 

Yarions other processes far the manufiieture of steel were commented 
on, amongst others Uchatins', Mullet's, and puddled steeL The author 
considered that puddled steel was liable to be wanting in unilbrmlty. 

Much had been written on the composition of steel, and yarions theories 
had been propounded as to its composition and the elements requisite for the 
productiim of the best varieties of steeL M. Fr^my had published a rery 
extensive series of experiments, and he was of opmion that iron in its three 
statea — cast iron, steel, and wrought iron — Is due not tmly to the diflforent 
proportions of caibon they contain, but also to the presence of nitrogen. 
Mr. Mudiet again has started a theorr that titanium is essential In the 
manufacture of steeL 

It was a well-known fkct that cyanides have the property of converting 
iron into steel, and after the very elabmte investigation of M. Fr^y, In 
which he showed that nitrogen assisted very materially the formation of 
steel, the author was of opinion that nitrogen might act In a somewhat 
snnilar manner to manganese— viz., as a carrier of carbon, but he wis 
har% disposed to think that nitrogen was a constituent part of steeL The 
formation of steel with pure carbon and iron was discussed, and it wis 
thought that fturtlier investigation was necessary to prove if nitrogen wis or 
was not a constitutent part of the best varieties of steeL 

With regard to titanium, this metal had a great affinity for nitrogen 
and carbon ; and if nitrogen is requisite in the manufacture of steel, it is 
possible it might act as i carrier of nitrogen and carbon. A large sample ef 
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tftftAfttur ^ sUt0),'cAPUlM frote ibB taMortli or ftn old tttM^^tornact 

aocoiintiiig for the diffisrait yarieties of ir<to "WMch yht^ dne^ fai'Mtov^ciMay 
to physical, and In oChtta ^ dielttfoal dttfMDOM, in their ^odmtMttkHi, 
attd at times, pedu^pe, ■ boOi mMsM. It irar'onlyHbf o U e nf t iwi tat 
oareAnylbQiUdaisM e a tie it MBttU ftwt the true esuM eonld be -dfeitmiiMd. 
fie wtt lea^ to'iidAit tllftt ota* k^AWMIge wa»1tmited OB'^#MI(f«t$hnAF 
he mnat ptttid' flHa irin i^dlojty ifur the Hapeffttetringr lonrldhblib HM 

tFMRMtlt* 

biscussibK. 

Mr. Paney obeenred that he had tested a portiqn of « steel plate made 
by the Bessemer process, which proved to hav^ great tensile - strength the 
section tested being equal to *3669 of a square ineh, and bore a tensile strain 
eqpal to 53 tons per square indi, and also a portion of -another steel- plate^ 
which bore a tensfle strength of 30 tons to the square inch. Both plates 
were made by Mr. Brown of -Sheffidd, and tested under .precisely aimilav 
conditions. . . 

Mr. H. P. St^enson stated that; some 1-ineh b^rs . of .puddled steel 
b^ke with a strain of 87 tons to tljie square inch. 

The Chairman .observed that ti^ buI^M 1^ , bej^n so . f iil^y and ably 
treated, that little room was ^ for cBscussion^ a lar^ amount. .<tf useCoI 
information had been given by the author, which would be of very^grea^ 
benefit to the members of ^ Society. 



Si^tmber, 1861. 

ON THE UTILISATION OF WASTE MINERAL SUBSTAN0B8L 
By E.' Edwards. 

Tho author explained that the olsjaet^f ^^|Kipor was wtio adr. 
vMice any new-theories'pr proceeaesy^or to attempt ta criifcilBt ^itide 
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mention a few of UMenore.iaiportaBt ^nethocU wliich Juiva hma maf^ 
gwted ^r^adepted iar.iitfliring^aab8tMioea«t;pwnot Mthr mta^or of 

X!oAl,>ii4B welLknown ■nmawktfw inJarge-jjOMititiM at the aMptii 
^ JOM^tfiUr^ tke i1i«|pv of ■lack, in ihia oonditaioiLia .oostpanK 
tirely naeleas, onrngo on n t of iba pimoiwu of iKm.pyrita^ iihal a^ A o . Thia 
iai7«b6 fiftfliaed in three difierent ^ja^-rlat ^by tiavg|s.at^faaL; ^Snd. 

oil— iig i|y«r ayiemte^pr^pariqg it ao^tbat it may faa munnfMitufad 
■iko oeke;'2&d: 1?yjBizi«g*it with other ^mburtible aubs^iiMiMnd 
MmpaMaog iit ^ato-auitaUe hlockB» .to tbe naad as 4k ^uhatijkvte ioc, 
•HUaaQTooaL 

nSmdl goal naed saa ftul vnkm raiy fr^di, is of little Tahie, aa-exi 
pomre-to the aiy,v oaiMoa it takMe the ifaMsit ceAtaiaa; hut a^ hmj^ 
WMihed by Bome-of the .fMwceweo ^j»w employed it mc^.be used «e4 
witb a4icantii|;e,<but'i^^peavB.tO'be.0peeially adapted for the^mMH 
iMAwne^the beat^aehe. There age Tawang plans in me for-yail^ing omj^ 
the general piinciple«f wUch dfpandai|pon»tfae fe<^ thatf the impmitiaa 
Biendrivilh tile coalMwe^ greater apaoiftc^gra^ eoaliHielf; 
Mid ty .appfeting a. ladiftiatiop of^tfae method adopted far ^aepamthig 
xBataUio^arci, theriMal May be»ieparated fitnn the deletarieiiii mat«an.lk 
•ootaina. Tlw daffisMMe in. tlw B[toeiAd gravity, of the aoal. and -alvi^ 
Wiog MBlfl, it iatmoaiBaij that 'tiw . coal ahoukl bereithor eniah^id^ar 
rifted. The oaaltaAen r^dntoadvto a^oaifom Baae^.tB 
<ipQ«»a.pi i i iBi'at a d .'plate <in>the «pp«r part of • oiitam applied With a 
(H aat an tiliaain.ef «ii*ar,ti&hMii iKdatiaad^to .pnia^e .ar^im tthra^gli 
theiflMte byfcteeana^f« a^ ai ar a a of piaton driven by maahiaeiy^thaaight 
•ed <iaan4)oal^;baaig vmaiad effiihe atatlace of the 4naa» Jpcr^theartnaasi 
«f>«napis|BPiMiMr,«aUiti^e8hide^4md pyrifceejamaanHiipan thi^pletji 
la^ iiaiiiliioiail iriioutuaiMi«aiy. 

aMwKii^rten ofi4fce^inaohifcte/in^<wl»di«the^coiatig itfmeiFed bytaalf 
aa> ^ acr»pett;<HalAeNiaoWBamd tbttri^han tlto^riae «nd«iai of^4i^ 
MterthMQi^ the* p e rf o rat e d plaX»<i|ite> limited tota^iibaatioi^ of.aaaaill 
anlmty ^tbatancaa aTveiy^Midy the Mme apedftc. gmt^'ww afpar 
likad^dthe Mktag eMbe maa# btfn g qftit e auffl otont ; thid< /vibraiwo^^ 
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effdcM by Ibrming a part of tlvfe dstem wiih a leather disc protected 
by a plate against which a suooeBaion of cams strike. 

In some experiments made with South Yoriuhire coal he had found 
the impurities to be about 2^ per cent, or 56 lbs. per ton, about S5 lbs. 
of which consisted of iron pyrites, whidi is by &r t^e most injurious, 
shale being of rather a negative character. When old slack is used for 
making coke it is generally mixed with some good coaL 

The last purpose to which the waste coal is implied, is ih» maau* 
fiusture of artificial fuel, composed of coal, pitch, and oUier substances 
compressed by mechanical means, then either dried, baked, or used 
raw — ^it is necessary that good coal, or washed coal should be used toe 
this purpose. Another plan of utilising small coal has been patented 
by Mr. Wood, which he calls patent preserred coal, the main difference 
from the above being that the ooal of whidi it is composed is either odced 
first, to drive off the gas and volatile substances contained in it, or this 
pi^ocesa is effected after the component parts of the fuel have been 
mixed and moulded into blocks, the specific gravity of which, when 
formed, is greater by one half than that of the coaL 

Bearing a near relation to the heaps of waste coal at the pit's moutii 
ftre the heaps of waste mineral matters containing ore, whidi lie at the 
mouths of mines. The utilisation of this waste mainly depends upon 
the per-oentage of mineral matter it contains, and we can only aim at 
the gradual improvement in the means of extracting the small quantity 
of valuable ore which is allowed to remain in the waste. 

The slag or dross formed in smelting iron and other metals, is pro- 
duced in immense quantities, and has been hitiierto only partially used^ 
this applies more espedally to iron slag, which varies mudi in diffareni 
localities, being in some of a black or dark colour, of little pretensionfl 
to oitiamental puiposes, whilst in others it has most beautiful shades 
and tints. Various experiments have been made on the utilisation of 
the latter material, by casting it in moulds, and carefully ftrtTHMtHng it; 
great difficulty is found in accomplishing this successfully^ the articles 
tnade being of a weak and brittle nature, and incapable of standing 
ishanges of temperature. This slag has also been cast in blocks and 
us^ to a limited extent for building purposes. Copper and lead slags 
have also been used in a somewhat similar manner. Hie' great diffl- 
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•otty in Hie utilisation of any of these slags for such purpoBes is, tbat 
the brieks produced are of such little market ralue when made, that 
tbe cost of moulding and carriage 10 too great to allow their use except 
in tiie immediate neighbourhood where they are manufiM^red. 

The aul^or alluded to another use of iron ilag, which was, perhaps^ 
less g^ersSy known, yiz. in the adulteration of emeiy which was fre' 
quently mixed witii the ground black cinder to the amount of from 25 
to 100 per cent., more especially in the commoner kinds of emery 
eloth. 

The aullior proceeded to consider the utilisation of the waste gases 
from the blast furnaces, which was generally effected by closing the top 
of fumaee and bringing the gases down to heat the blast, or raise 
Bteam^ It seems exceedingly doubtful whether it is either expedient 
or profitable to control the free escape of the gases from the furnace 
top. Estimates <^ the -value of the gases have generally been made on 
tile assumption that they may be withdrawn without effecting the 
nneltiiig ; practiof', has, howerer, established the fiict that tiieir witfa*- 
drawal occasions an alteration in the economy of the furnaces, so that 
the policy of withdrawing them for such purposes may fiuriy be 
qaesiaoned. 

Ho alluded to the use of waste scrap-iron, which was carefully col- 
lectedy re-wrought, and worked together, and he attributed the good 
quality of the product to the thoroughly mingling together of the dif. 
ferent qualities of iron, and the amount of working it receiyes. 

The paper was concluded by an allusion to Mr. Ransome's method of 
maaufihctuiing artificial stone from broken and irregular shaped stones^ 
oemented together by a solution of flint in caustic soda. 

DISCUBSIOK. . 

Mr. P. F. l^ursey enquire<} if. the author of the paper could state 
whether the gossan of copper lodes had been applied to any practical 
purposes, as he had made several experiments, by which he found these 
gossans when mixed with oil made a very good paint 

.Mr.. Edward Riley considered that there was no question as to th^ 



irfhij.inil nnnnnmy rrf tiliii£ thn (atrii frinn ^hr \lTm* fttrr-^ — Im-wm 
MMreibairiA naay inatiiioiw trudi luMi bM^L iiMd». toi •eonowiM tb» 
gMM and ftiladythis wM>.haw6T«r,^0B]y due ta tli0:.tii8b noi^ being 
penererediivoriii their being improperly made; atibe lecg^.ixMit 
WttduiriBtheoovntry, eoonomiaing the g^eee bad beeiLfiFiit.ii9ed^aiididia- 
oontiiMiedybiiUatterly dteyjhad again beentried,aad the J i vxwi wagjnaet 
oepi||le4e, and the^Baying In fuel. very oonaiderable.: . l^vm^mt nMMn 
mtft'to 9km the top of thaiumacey the gaaea had been ymsif ^MM^naefiillji 
drawn from a fdmaoe at Brymbo, in North Wales, by means of mak 
htocutubeof laige diameter being inserted for 7 ta lAfe^^the mate- 
lialaat the top of the fumaee, and he. oo n sid flra d^ that »> m o d i fic < it iM > 
of fche.ooB*of the alosed.liimaoes and the tube would, bajound Qio«b 
beneftoial. Most worica were altering, their furnaces^ to econfffiUM 
thfrgaaaa*. 

Respeeting tha^iron.slag, he.had seen. experimMits. made»oA a la^g^ 
■eale.to ameaLityTbut they were unaat.isiartory, and it ajq}anafld*to b* 
fiTfwedingiy difficult to get the cinder in. an. annealed state. Gindes 
when, polished often rivals marble in its maridnga.. 

Qne^ great, objection, to the cinder for building, py^urpesea^ was iim 
great specific gravity which increased the cost of transit^ and diminiahed 
its. valne Aa.a building, material . 

Mr..Loiinh deaeribed Mr.,Beasamer!8 method .of^comgnssaingcooa]^, in 
which-pvocess the. small cool is placed in moulds and heated to a^teiBt 
perature auffioientiy high to render it.plasticyit i»then pressed intone 
solid- mass. ofv&. density greater than, that of the natursLcoaL, The 
IIDOoess is.yeiy slow and expensiye.. He.alao explained the, p^n-adopted 
by the Aberdare Steam Fuel Company, viz^ of compressing, tha Qoal'b^ 
hydraulic pressure^ through the medium of an accumulator ; this pro- 
cess is now inuiuccessful operation. 

He also drew attention to an sitnder produced from the lead mines 
of Derbyshire, viz., sulphate of baryta, which was formerly wasted, 
bttt^ Uf^ttavf used as a^i^gmeat^ prinflipaUy^ in. the adultocatibn of white 

Mn Sdwasds in reply stated thai the oadat&onjof^ the. StaffianWm 
slag would entirely depend upon the time it.waa exposed to tiie atmosi 
phere.) He could not state, to what extent, the gofsan of oopper lodes. 
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&> per wt. in it» qMPifi^^ gml^f it.poBiMtwI. . a4y»o4««e of being 
al>]e>ta be xoftde mtQ bloofei^ itxm xendmig it moM^potMilfli an4 ^Uf 
oi fl^wgft^on boerdiBbip. 

Chftirman in snmTnfng up stated tbat tbe nUUsfttioo of waoto 
fn«twyJft.wnft.a latgft sftbflQpt^andpn^ tboti dewrved.theatt^tioii of aU, 
Bringing into praatiapiJl,tUMi| sul^stanoea tbat bad been previoualy. oiurt 
aside as waste, was a great gain.to QOxnmeroei and would ,i|o,dqttbt lO^fiH 
a field for n^py-to aoq^iire la;:ge Coriimes, 



la -p r tw tjng > tbia* papctan to. tba^ Sodetiv, tiUKan^bei: 8tatid.b€u wtmld 
eqpMBii^;gaM biiiiaitt^agaiiist taxy iadMaD<cit»r,aanuQfi(io«, and.ratber, 
net tha^: jnstifieatte, wpom a dorira. to. prowfae^ diwuafiitti) feding tbat 
^Sa^iiefccMMaiy aome.at$<mptdif»ld.beJc^^ to render tbUiiiilj;i|drtai^manii- 
iMteatof'tii^dt piatea,pei|(»6t, that-wa^ioajcseiMi forth. to jiitlttbiL€n«pn7f 
Hoathe . tnipdai. wiUa^ OUt .Snglaiidy bat inqaagpable ioon, and ir«pi««Md 
yeseels wfakb auqi. tlRBi>;. and. it ia b3>M]ieetnig..toga|her^tli)ia, and 
ftiialy4gseitMinggiicfcyiqec^ ^lats^sater. peic&ction in the artsand^manu- 
fMstiiieaateaiiivad %tr Wacamiot bat ie^. that tbisisajninarfcsblfkperiod^ 
ll^is <»M^ not of prii¥ate oompetiftien^ but a^o^petition of^natMUSy and. wa 
mast fed that, haiaag-eBtteed oorplKOiKan^ made a.fiur. start lli this great 
nationfli race.of coinpetition» we.aie l)oiind:to lajs oar heada together and to 
take^caia.wa, begcond all qtie8tjMm,.win the race.. 

In viewing the strength of iron* asi tk material little <^ here be aai4« 
I]]^;»ertant progress has oi late been made m.the adoption by practical in^ 
of correct principles as^to^the afition^of. the par^€#.Qf i^.bc^m ip resifting 
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fHictm, the knowledge of which piindplet had limnerlj heen eonfined to a 
few mathematioiaiis. They relate chiefly to the action of the straining 
lorce, and its combination with that of the heeding force, which latter, at 
one time, was the only drcnmstanoe considered. One of their results is, 
that the neatral axis of a beam, as it is called, is not, as it nsed to be 
described, a place of no strain on the particles, but it is truly a place where* 
althou^ the strain in a horiaontal direction^ due to the bending force, is 
nothing, the strain due to the riiearing force is a maximum, and consists in 
a tension hi one diagonal direction, and a compression in another, each 
Biaking an angle of 45 deg- with the horizon. 

With respect to the durability of iron ships, a second thought is scarody 
necessary, tor time sufficient has elapsed to establish the fact that iron ships 
last longer, fit for service, than those constructed of wood. It was at first 
thought that the action of salt water would produce rapid oxidation, and 
hence spee^ decay. Indeed this has been we may say the cardinal 
objection, the stumbling block to the construction oi yessels of this most 
inyaluable materiaL There can be no doubt that, in this rmpectt we have 
put on our glasses and magnified the eviL This we are bound to acknow- 
ledge, when we find yessds— iron yessels constructed some 15 or 20 year, 
past — still in existence, and what more do they cost to keep in i^iatr than 
thoae of wood? They all require an occasional coating of paint or other 
anti-corrosiye matter, to neutralise the efiect or action of the atmosphere 
Ships, like our keys or other bright domestic instruments and iniplemeats* 
will keep bright and free from oxidation by use, agaiif when the form Of 
construction is taken into consideration, the many ways we have of bradng 
and staying the weaker parts, a second thought cannot but proye how 
infinitely stronger and more durable are yessels constructed of iron. 
- There is, indeed, a wonderfiil change in the progress of ship*building) 
and it may not be too much to say, we are at this very minute, though in 
transition, labouring to accomplish eyen tlie rendering of irm ships of war 
riiot-proof, if we haye not already accomplished the same. 

It is true, we receiyed the challenge from our friend the Emperor of the 
French, who had and has an idea of creating an ocean fleet of iron-cased 
yessels (pre-conceiyed by C<donel Paixhan in 1821, nearly forty yeara since), 
and when they launched the La Gloire, we received the challenge to enter 
ourselves in a great oompetitiye race for superiority in the oonstmction of 
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l^npft ef war, and bsviog eoitered tr« intond to wid, and cftirjr off the Icnnk, 
if it be poflrible to render inndnerable annoor-OMiog fSnr our shipe, made 
from iron or other materiale. 

Oor first experiments for the pnrpOM of teatfaig the rwiiitiwge of ifon 
j^'e for ehipe of war against mnsketry* canister, and grape-thot were per- 
formed on the 6th Norember, 1849, at Portsmouth, tmder the direction of 
Captain, now Bear-Admiral Chads. Bnt the question of iron^aMed tbsssIs 
onlj appears to have been taken into the terioos consideration of our Board 
•f Admiralty eariy in 1859, though the first thick-plate experiment took 
place <m the 21st August, 1868, during the time Sir John Pakington pre-: 
sided oirer that body ; and strenuous were the efforts made by our leading 
nayal ard^tects to design such a yeasel as should answer all the r e quii e- 
■ents of the case, giring q)eed, stabiHty, and due regard to the fi^^iting 
qualities necessary. M«!iy and various indeed, were the ideas submitted, 
embodying a construction for war lUps difftering materially to any erer 
before constructed, all the designers keeping in view the fiict that, if we are 
to figlit, -we must " To arms, and force to force oppose,** The result of this 
great competition was the production <tf the Warrior, to be followed by the 
Black Prince, vesBels well fitted to bear the fiag of Old England and to 
msintain our supremacy upon the waves of the drep, even were she p lace d 
in juxtaposition with the La Qloire. It is unnecessaiy here to refer to the 
dimensions, accommodation, or construction of the two ships, for it must be 
readily admitted they will bear no comparison. 

There cannot be a doubt but that at the present time we are, in 
reference to the construction of our war ships, in a state of transition, and 
the application of iron or armour casing to fulfil and conform to the 
neceaeaiy conditions Is a question that we cannot expect to grasp at once all 
U»» anticipated conditions of the problem. Much will have to be estimated 
by experience rather than by any direct calculation, every experiment ren- 
dering the question more and more complex. 

A most important conaderation is that of the temper <ji the plate when 
finished, for we are tdd in the experiments on the 11th June, of firing fit>m 
a 95 cwt. 68-pounder smooth bore, at 200 yards range, with 16 lbs. 
powder : the result of the firing proved the smaller plate to be of too brittle a 
nature to resist the impact of the solid 68-pounder, but the other large 
plates of a superior fibrous nature, gave very diffierent results to any plate 




whae tbe plate was struck fairly in its centre by the shot, it made an 
indentation of 2 inches on the plate*a surface, and then dropped off; 
Three shots stmck the plate aud fell back from its sorfin^ leaving theM 

MMm^Cf bat still it waa not penetrated ; MMMMr of the plate was carried 
iPR^by aaeoesuve ahots striking it in tlia^«snMi.*plftcej and two pieces were 
r>Mil*oi lts^dg08) bat these could only be considered in the light of 



fgKMmdif as Ss the case wkh the Wacfk*- and Biacit Pruieii 
Tba «cily> Inatance of the plate being piercodiby a^dn^ shot, ww 
in its midship partj where it had been placed over one of the Sinus's maii^ 
4mk pmU ftr Htm paafmrn vi imi^ plkd diffimnoa^ia ^^eStebupm^im^ ^ 

<iafcf f ttmwft Mi9>li ^mm il iImi Wmhm liiiiTiiit The fracture «l 
the fX^U^hmtmrn li dw m A Ha ttrn ghms and fibrous quality^ its splintez* 
being confined to pieces thrown off within a diameter of about 18 inches of 
tba*q»ot* whwa tba nb&t paaM^thraa^ Uai4ii# t^pliUia witfaout^any^of 




Kevertheless, the author Aoagl^ tt* tini iMeame qamltm'^ tMM 

backing or no tiinbor backing, and ho felt inclined to say — no timber, but 
let us construct- our ships ol iron-; plantings tha aimour# caiing^on a 
fMa Hi irotti p ttu pt Af 
Ifr. Mriwln^tai^ at'SMhu^ 

«Mi» m^*0^ opl^on ; fcnv tbongli it'la tM^ A» fllli- IHMMHikli 

and doubled up^ yet the Armstrong lOO-poQA^jjir i 
yards range did not penetrate the plates* 

''T3b»targel»wa8 10 fosb long by d^feet high, and was oonstracted lor^the 
tmtHnm nftiiwiiliiiiliig IkmhmU wm fw£U% bf •^^i^ fawwin te tbt 

timber backing, and also to do away with the acknowledged source of 
n^fiakneu arising from holes having to be drilled through the plateafor th» 
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i>Iiw»-tlifr piMM liwrelNeB-lMelaMa tt hto'««iBai«Be«4'iBroM-««»-«rtto 

WoBcymai rmibm are Ihe- sebenet ftwriltttwiiiig tiiese plate* to|;«liier, 
asd* raany of tifeni^ afe importftiit and Valtiablai and tliis Is a- qmeti w i 
fitted ftr the dtec uatio n of-tfafc maethtg.- 

ArmotH^plate' experiUMBta" oowuMMiced at P6f taflMUtlf) filjalftit 
Attred, and tMfgeto^orerad i»4t1^ 4f fteUM- fWM, UrmtA'd 

BMtal of 'Tarions d ie aulpti O M ,' bolted' t^ largo-lMHB 4o^tiift^tiklMr, bjF-^ting 
shell and shot, which proved abont as' S sif flfaaB I^^ as-flf^g maiMes^woali 
hare d&ne^ and ha s ea d » d , so fluv ivHh t!fe «olid^rt»e*»flroift-tl» Wwti gun. 

With. thS^ latter weapon- experiments bare be^ raadfe npon many H 
{Bdi plktes, both tion^ and steel; somr of NvWaMt'has'SBatiiM'at onesy and 
otffers after a sooeeari«n of bl^ws^ nolt-of-'n^eesSH^r npon the- same «pe«t 
OHien-have been penetrated by a stogie shot^ as in the oastf^he '^ohaiA^'* 
immmr, ti^<»tfaen have wifhstood the erashof ^ itt aVon^te»fbl*ttatt»wv 
as-histsneed byihe WmrrferV scrap sample i^lkte and thslar|^ plate ra» 
DSrred to, which may h& leohed upon- as life mostr sooeessfel inslaDoes am 
reooid at Pdrtsmonth of liie^reManee oMrei' by'4f ib^ pUtei, plaoed ia 
»Terti^ porition, to tbese^eaot'iron^sHot fltMn-the 9&^9Wt. g^. 

VGaanrct^ experhnettts^perfcimed dbabtlterlkad ns «^ p^jue^ to ifiast 
npon the advisability oT co nst ruc tin g an ironMtasfed tfeet, however, aUfaengh 
onrdepartments, ^e doekyards and gnn' f ifcctorifes, are workinig against^ ona 
another, each in its torn getting the upper hand; Thongb, but^ a ftw'di^ 
&ice, ih the Yictoriii' Docfe lay the redOtibtabl^ Warrior, on whieh.aU the 
itesoarces of' the Admindty werer- oonoentrated; so Vtiat die took the>wkt«^ 
proof 'ti^ainst attack, andthemaster^-mindS are emplo3red, jtiSt opposite; in 
the Boyal'Gtui Factory,' ih mannfilotmhig' engines fiyr-the deirtraotionrof 
such vessd^ as- the WMor and her khid; each in Its tarn gets thSNMa 
cen dto ey,- and' the -second suceesa dtetroyrthe first; and^ idtiioagh this i»<the 
xmmi yet we havr at present nari^hf or-pi^emiSes to cond^nrnthe-one-ortiaB 
Wiier. 

Therr are man y -points worthy*of censWeratite an^carsftd e^qMsimsnt^ 
snch, ibr instance, as the- dins or miktare- of* ht)n' to be<nsed, its manu^ 
fltcttur^ its piling, or of aUbys that might be miM'witii the iron) to giye 
greater toughness, tenacity, and resistance to impact; or to alter it# 
q)edfic gravity, whereby we might get a better and more easy fl6tati0ii or 
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dim la ontn t He oonld not agne with Mr. Fairbaim't ranarks. at tb* 
British Aasocifttion (on 7th September— Section G); for there he states: 
Though we had yeiy good iron in this conntiy, yet he did not think that 
the quality of the wrouj^t iron was qnite so good as some produced in 
other countries.*' The iron itself was good, but it had not that uniformity of 
texture which was obtained in foreign countries ; our iron masters were 
bestowing attention on the subject, and in a short time would, he believed, 
be able to produce such plates as would have a fair chance of resisting such 
artillery as Sir William Armstrong's. 

In reference to " armour plates ** what is our experience, what our ex- 
periments, and we may ask what has been the amount of money or time 
expended upon this all-important subject hi comparison? It is but the 
other day we reoeiyed the invitation to enter into the competition with one 
nein^bours, it is not what have they done, but the question is — ^what have 
we accomplished towards solving the problem of invulnerable armour 
dottdng for our vesseb of war? It is true some few schemes have been 
■ubmitted to the Admiralty Board and its officers, as also to the committee 
i^[>pohited to investigate the subject, and that ideas for the alteration in the 
form of the vessels have also been submitted, and the form of armour 
covering to be used so for and so for only as chain cable and plates are con- 
cerned, and it were well to ask ourselves, what amount of time, disinterested 
experiment, and scientific investigation have each and every one of the pro- 
jectors of the several schemes given to their subject ? 

Again, what have been the experiments performed at Portsmouth 1^ 
the Government, beyond firing at a few infantile plates, and some of which 
have proved a foilure, and been condenmed, but not for want of quality in 
the iron, but from the want of suitalHlity to resist the impact and concussiye 
strains of riiot and shell ? There is no doubt about the soundness of the 
policy of haviog a committee to investigate the problem, but it becomes a 
question for ^consideration as to whether the combination or mixtures 
the iron, or iron and aUoys, is not the first thing to be done ; we have mo^ 
fully capable, from practical experience and scientific attainments, to enter 
into this important and analytic part of the investigation, for we know that 
there is an immense variety of qualities of these metals, and the question 
arises, can iron be produced from combinations and alloys, so as to give the 
required strength to resist the several strains caused by the action of heavy 




jgtm practioe at the same time with due regard to the ee o no my In th teknc M, 
ao necessBiy to the practical and sooeessftil derelopinent of the problem. 

wont that whidi is ttrongest, under all conditiont, In proportion to its 
freight, and no donbt a strong light may be thrown on ti^ important 
qoesdon hy collecting the experience of the members of this and the 
like institntions, and thoee practically connected with onr blast fturnaees and 
Ibrges* 

In lefiNrence to hammered plates, the author stated that under all drcmn- 
stanoes he thought them unsuitable to meet the requirements and conditioiis 
of the probleflik Partly from the fSsct that these plates are made ficom scraps, 
tiiat is to say, of various pieces of hnon, necessarily of different tempers and 
heats, eadi requiring different treatment to produce proper weldings, and 
ftirther became the portion of the plates are so jointed together at thefar ends 
that they hare not that lengA of fibre or strength of weld which is pro- 
dnoed by the p r oc ess of piUng and rofling. 

The size and weight of these plates are now protty generally known to 
vary from 15 to 20 feet long, and from 2 feet 6 hiohes to 4 fiwt 4 faiobes 
wide, by 4| inches up to 6} inches thick, weighing from 4 to 8 tons when 
finished, so that one of the difficulties In making armour plates is the great 
sine and weight, together with the heat thrown off from such a mass of 
material when ready to be finidly passed through tite rolls, making the mani- 
pulations in the working the more difficult and yezatious. 
' Let us, however, take into oonsideralion the niaking of a 5 ton plate, 
whidi in its embryo state consists of a certain mixture and Quantity of pig- 
eon thrown into the puddling ftnrnaoe, and th«i puddled Into blooms, and 
Hience shingled and rdled into plates 12 inches wide by 1 faidi thick ; these 
an cut up into lengths of about 80 inches. Five of these are then pfled, 
brought to a welding heat, and then rolled into a rough slab; another lot 
are similarly treated, and these two slabs are welded and rolled down to a 
plate, whidi is sheared to 4 feet square by 1| inch thick. Four of these 
dsibs are then pHed together, and reduced by the rdls to a plate 8 feet by 
4 feet by 2^ hiches thick; and, lastly, four of these are piled together 
in a omss, 8 feetl)y 4 feet by 10 inches ; they are then brought to a welded 
h^ in the frimace, the men are marshalled to their posts, and t^e final 
eperation commences, which consists in passing h ishtdn attached t6 the 
tengs, grasinng the plate round the rolls in front of the furnace; whidi is 
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d rtfto hfl i after «t]M plftte is fioaQy^ the ^eaniage Sn^ndtd to^MBTvy it.td 
t]ie>volJf, where it to' wdvM^i after paeelug eevml timei, from aboaft 10 
IndMB 'to M inchesi tin -feqiiiP9d rtikiekneift; 4t ^is than oont«yed by « 
wvo^ght iron -crane tot- the= at>a|ghteping |date {tmia af oaat iron), where it 
iaiaUowed to coe}, 4ari^g ^hia^ #Be a-amt-iion-tyUBte of«bo«t niae^toM 
iapaeeed^to aidf^. ^ |aBMTe4haaiir¥atare p*odBoad l^tha rolla,-ar in the 
removal of the pkte from the same to cooling plate ; the prooesa of caeling 
talBeaaome eight (heWf and aa aean the ."plate-ia ready itia eoiiTejFed to 
tiw i^anhigvanddot^ aMMlinea, W -te towMOn^Mi^ 
ita final aiae when ftaed. 

Omof«he«BHltdiiHaiiMai4fi^(r#^lia«^ 
tad li»4baied by^^ praMmt ffoaasa af . iellfaig.it wimld beaeme tfae beftee 
lUa diffieidty *daidd he eivfraaan. lafhiithin ?atod 'btmmm ^iwt hh 
mf^MfimaA tl» anOoil} 9im^eeKng^iM8llJiat:te platBSiiPa^ 
be made by the Bessemer process, .^e >ife Hioan wll fce d il^reper'atteaiitm-hb 
giimi <«o tUB ^ariijjBet,>andvthe nacewaiy maiiiintrBl*4pj>iia<eeB teowi^ to 
hear in tiw -manipitfatio& af 4nanaiMtiiia, platea to^^Me^ nnqtemia 
4he>rofiad andiaerap pkrtai. } 

'fleet 

in^mS 'teftenailre «ipa^aBartsfiPec8 . onhiiiHad ^t aiantg^ |>Hnaaf 

forged and rolled iion. 

In 1849 Asperhnania ^Weie^aoBchtatod at Porttaouthtqietf 'variotta iron 
plattt wi&'a yie^* to^delaABine their TCiistMe to aMiketry. 

In l8S2 pK>poaahi wwe laid b^atee ihe Uilfeid>StoleB€khrmrate 
erabtnieti^ voting ^hattete. a£ frna^ao-ihbk tfaigMhey^<»iftd taoiaiiaiidt 
and^ahey. < . . > . ... 

^^1858 ttifo pnapoeal hx^^ooW^ahipa.Hwilhi^Mi^'aaMllr^eaihi^^^ha^ 
piodnoed 1^ I^peleon^III, 

iln 1858 our first ^pcrimenta-agaiaafc IhictepiattoiPeeh ph ua cTA t Pe>lh-* 
month agateat H. IL: 8> A^freOy oM>0;gnna^tt)vared-wUh «44neh^pl atai^ i M 
ftuther-^Kp^pmcata-haye been«du|y-eairi 

He did not for a mdment pnatend to* faai^e tnaled this ini|fd«taBt-'aalj«o( 
In the^acientifio-mannaFit deserved, -hnt.had giy«n>lBa'hnBible-aaBistaitcO'ao 
frffther,' thongfa in« Blight:degn% 4ha*ilef«lQpaMiit"-of »kneaiMge eo'a-aiilH 
jeet-^flo iaqimtant, aind^shonld^he.'thna a^Nicn a»<£saataimi<--^Bid-ftBtiiar 
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Tertieal sides to our war^h^ cUKirind. fie wa» «f opfaiion tbat ^iellMd 
tides would -be- fotfBd superior to'Tertieid. He ^-eouM* not' agree iHih teo 
reader iiif regaM to the^ AzmstroBg gtm ; thO^de^^ coaMiied 
were open to serious objections. 

«M*.a. T. fiecAaAr «Miid*ed Ae teoiAjTB^t on'saeh'sUfs-^ the 
"WKiior, <weldd-]^iTeJb•m iinf^ emgkf^^hi the oeaatttMBlioa^iff 

smaU gnn-boats, stee^i^tdd ftt^tiie bows;^ bcf^eenttaWg, «f tiM 

kiter alHiMj flMidi betteradapted €or4lie^defewe of imr cbista, ttid that 
tife y jd , i^en armed iritii an A A w tfong 'or VWtMoetit gvDf tabeMAdioE 
baffle their larger antagonists. He considered that the^monejr reipdrAd-^o 
bnild one such ship as the Warrior would suffice to build many gnn-boatS| 
and that the loes of one |^-b<»t would be comparatiyely of little import- 
ance, whereas the loss of a Warrior in a battle would be fktaL 

Mr. Louch described the ^arinoar phrtted batteries constructed during the 
Crimean war, the chief defect in which was, that through some mistake in 
the calculation for displacement, the ports were brought within a few inches 
fji the line of flotation, ami 4he tesBds wotdd-therofdre be slmost useless in 
rough weather. 

Mr. Waller would be glad to know the most approved method for 
fiistening tfae^plates, whether -bolts >er riyets wore used, and the distance 
tbey were« placed apart, and 'also the^plan adopted for Joii^g the. plates 
together. 

Mr.- J.-Glynn, Jul, could not agree with Mr. Kershaw^ that the ^pm- 
boats could sneoessfoUy contend against such sl^ps, as the Warrior ; but 
that, firam the- great speed of these new-plated wftr ships, they would be 
able'to run - them down, - while they themselres would , be . seci^ from tb€^ 
shot from the guns of thefimall bpats, in consequence of , their pU^ed ^ide§. 

He thought the r^der was in error when be quoted Mr. Fairbaim 
hajiu^ stated that armour pkites " could '* not be m^ade oif Ei^lish iron,, 
he understood Mr Fairbaim to. say, that ttiey " were " not so made. 
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Mr. T. W. Knmble, in reply to the variocw points raised in the icBsciusion, 
stated, that he had only laid before the Society sach information as he was 
able about the Armstrong gpin, and was not aware that he had praised it 
With regard to armoor plates, he thought steel was applicable, if made of 
an homogeneous metaL He thought hammered plates were not the best 
that could be used for armour plates, and beUeved that plates made on the 
Bessemer, or other similar plan, which melted the parts and produced a 
perfectly homogeneous mass, would prove to be most adapted for this 
purpoise. The plates, he considered, should be rather soft than otherwise, 
thus requiring a peculiar mixing of iron. 

The question of fastening the plates to the sides of the ships was. a yeiy 
important one. In the Warrior and Black Prince the plates were drilled 
and bolted to the sides, the bolts being about 18" apart. 

He thought there was little fear of the small gun-boats bemg able to do 
much injury to such ships as the Warrior, wfaidi was so much superior in 
tpM and armamoit. 



November iih, 1861. 
E. RILEY IN THE Chaib. 
ON SURFACE CONDENSERS. 
By John Louch. 

The author commenced by describing the different methods formerly 
used to efkot the condensation of steam in the steam-en^e, commencing 
with Savery's arrangement shown in diagram No. 1, which consists of two 
vessels A A', connected with a steam-boiler by the pipes S S', and with the 
well 6r r«6Moibr from iMdh the witt<tf has td be t&M. hfibB mu^Sm. pipei 
B B', also by means of the same brauch with the delivery pip9 C C The 
steam from the boiler is made to pass by the pipe S into the vessel A. 
When the vessel A is full of ste^n, the communication with the boiler is 
Closed, and the cock W, which is connected with the dstm flf wuitm «boT% 
!ft opeaid, taia n stream of e^ld miter Is allvivDd t6 M ^^Wil^i^i^ 
florfiuse 6f tibe vessel A. The fodnction temperslioce tiKii iliiMlt 
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denses the steam within the vesBel A, and a yacnnm is formed therein, Into 
which the water flows by atmospheric pressure throogfa the snction-ralYe B, 
the steam is then again admitted into the vessel A, and hy its pressure 
forces the water through the valve C, into the discharge pipe to a height 
in proportion to the force of the steam in theboUer. These operations are 
carried on alternately with the vesseb A and A'. 

In Newcomen's engines, represented in diagram 2, the steam is admitted 
from the boiler A into the cylinder C, through the cock B, whichf when 
the air has been expelled, and the cylinder filled with steam, is dosed. 
€k>ld water is then admitted by the cock D from the cistern £, and, filling 
the casing F around the cylinder, condenses the steam therein, and thereby 
produces a vacuum. The atmospheric pressure now comes into operation 
and depresses the piston, which, by its connection with the overhead beam 
at the inner end, raises the other end, which is attached to and works the 
pump. The cock D is now closed, and 6 opened, to allow the condensing 
water to flow off into the cistern H. The cock B is again opened, and tbe 
steam admitted into the cylinder, by which the air and condensation water 
are expelled through the snifting pipe I ; and the counterweight K, now 
preponderating, raises the piston to the top of the cylinder, and another 
stroke commences, as before described. 

In working one of these engines it was observed on one occasion to 
make several strokes in quick succession ; and, on searching for the caufie, 
a hole was found in the piston, which admitted tbe water (which was 
sapplied to the top for the purpose of keeping the packing air-tight) to tlie 
cylinder. Taking advantage of this accidental discovery, they were after.- 
wards invariably made with a jet of water injected into the cylinder, 
instead of merely to its external sur&ce as before ; and condensation by 
Burfiices of cold metal was for some time abandoned. 

About the year 1764, the cdebrated James Watt, having occasion to 
repair a model of Newcomen's enghie, belonging to the University of 
Gla^ow, discovered that there was a great loss of steam by condensation 
caused by the cooling of the cylinder by the injection water. The idea 
then suggested itself to him to use a separate vessel in which to effect tbe 
condensation. The idea was carried out in the following manner, quoting 
his own words : — (see diagram No. 3.) 

" I took a large brass syringe 1 1 in. diameter and 10 in. long, made a 
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cover and bottom to it of tin plate, with a pipe to convey the steam to both 
ends of the cylinder from the boiler, another pipe to convey steam from 
the npper end to the condenser (for, to save apparatus, I inverted the 
cylinder). 

^* 1 drilled a hole longitn^nally through the axis of the stem of the 
piston, and fixed a valve at its lower end to permit the water, which was 
produced hy the condensed steam on first filUng the cylinder, to issue. 

'^ The condenser on this occasion consisted of two pipes of thin tin 
plate, 10 in. or 12 in. long, and about one-sixth of an indi diameter, 
standing perpendicularly, and communicating at top with a short horisbntal 
pipe of large diameter, having an aperture on its upper side which was shut 
by a valve opening upwards. These pipes were joined at bottom to another 
perpendicular pipe <ji about an inch diameter, which served for the air and 
water pump, and both the condensing pipes and the air pump were placed 
in a small dstem filled with cold water." 

Although Mr. Watt abandoned the plan of liur&oe condensation, and 
adhered to the injection system, he still occasionally turned his attention to 
It ; and about the year 1776 he submitted to Parliament a plan of a snrfaoe 
condenser, consisting of a number of small tubes. This, however, he 
abandoned, finding, it is said, that he could not obtain by that means 
so sudden or so perfect a vacuum as l>y injection, and, also, that the 
tubes became furred by a deposit which impeded the process of con- 
densation. 

He also, at a later date, included, in his patent of a road locomotive, a 
system of sur&ce condensation, the air, on the external surface of the tubes, 
carrying off the heat: but I am not aWare that he ever carried this plan 
into execution. 

In 1797, Mr. Cartwright dengned and patented the engine shown in 
diagram 4, where the exhaust steam from the cylinder -paaaea into an 
annular copper vessel S, surrounded on both sides with water W. The 
condoisation water, together with any air which may have entered through 
hnpeifect joints, ia withdnwn the pmnp P| wotlcid hjr li ddiitin'oation of 
the piston rod, and is thus retumed to the lit^%ll!ihige pipe F, 

^hroc^h the cistern G, in which there is an ingenious apparatus for getting 
lid of the air. Thi^ scheme failed, partly through want of sufficient c<m- 



den^ siofiMe, and paiify IWmi the gnierid ^ 




99 



In 1821^ « Boiikce ooadenaer waa fitted by Mr. Nspier to « rmd called 
the Po0t Boy ; it consisted of a number of tabes o^ copper, | in, diameter, 
and 12 ft. long, bat, being oonstracted only fot experiment, it remained in 
Qse only for a diort time. 

We bear but little more of sorfkce condansation ontU about 1830 to 
1B35, when Mr, Hall, of Nottingham, again brought the subject belirae the 
pablic, and yery sucessAilly applied it ^ the engines of several steam- 
iceesds. 

I>iagram 5 is an cteration d the engines of the Hercules, in which it 
will be se^ that the steam from the cylinder enters the upper chamber A 
of the condenser, which communicates with the lower chamber F by the 
tobee B contained in the dstem C. These tubes are surrounded by cdd 
water, idiich enters the cistern by the opening D, and flows off at the 
opening £. G is the idr-pump, by which the water formed by the con- 
.deneation of the steam in its passage through the tubes, together with any 
air or unoondensed steam which may be present is drawn off from the 
xondenser, and oonveyed through the feed pipe H to the boiler. 

In order to efiEect an equal distribution of the steam amongst the inpes, 
a pexforated plate K is fixed in the upper chamber A, a short distance .above 
the tubes. 

Aving briefly tnused the history of sar£ue condensation the author 
proceeded to enumerate the advantages it possesses as compared with the 
ii^ection system, eqiecially with reference to the marine steam-engine. 

In the ordinary injection ccmdensers the steam is necessarily mixed with 
the condensing water, and, consequently, whatever impurities this wftter 
-ccmtains are continually, by means of a feed-pump, forced into the boHers. 
In ocean steamers this circumstance is of serious in^>ortance,, inasmuch as 
sea water coigns in solution . as much as. Si per cent, by weight of common 
.salt, a proportion which, large as it is, becomes rapidly in c r eas e d or concen- 
trated by. o<nstant evaporation. Bea water alio contains small, quaiMities 
of salts lime and magnesia, and occasionally other impurities, all of which 
combining with theisalt are deposited xm the surfaces of the flues or tubes, 
and soon form thereon a. thick cvust OD scale, which, when once firmly 
.attached, is with great difficulty removed. Much of the . salt and ^er 
fredy soluble matter is, however, got rid of by the process of blowing off." 
By .this process when the water in the boiler is found to have reaped a 
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cerUin degree of density, which is ascertained by means 6t an instrument 
called a salinometer, a considerable portion of it is blown out, and, this 
being in a boiling state all the heat imparted to it is wasted. 

This process is repeated generally at intervals of about two hours, and in 
this manner from one-third to as much as two-thirds of the water supplied to 
and heated in the boiler is blown to waste. In this manner from 10 to 30 per 
cent of fuel is, in reality, thrown away. Notwithstanding that this process is 
constantly carried on, a scale or deposit forms more or less quickly, in pro- 
portion to the temperature of the water, or, in other words, the pressure of 
steam in the boiler. This has to be chipped ofif at a great expense of time 
and labour, and not unfrequently injury to the boiler. If the removal of 
the scale is neglected, its pernicious effects are soon perceived ; for, in the 
first place, bemg a bad conductor, it impedes the passage of the heat from 
the fuel to the water, and causes thereby a wasteful expenditure of fuel, and 
the plates of the boiler become heated to an extent rendering collapse of 
the crown plates of the furnace a by no means uncommon occurrence'. 

Now, in surface condensers, the exhaust steam is not allowed to mix 
with the condensing water ; hence the product of condensation in the form 
of pure water is alone returned to the boiler ; consequently the evils of the 
injection system above detailed are obviated. It has been found in practice 
that boilers used with surface condensers will last about three times as long 
as those where injection condensers are used ; and the boilers are not liable 
to be injured or destroyed by the water becoming too low, for as every 
cubic foot of water converted into steam in the boiler is, by condensation, 
re-converted into the same quantity, and returned in its integrity to the 
boiler — the bulk, and consequently the h^ht, is maintained the same, with 
the exception of a trifling amount of loss by leakage, &c 

The boilers may also be made of a much smaller size, as no allowance 
is needed for blowing off, and, as no deposit can take place, or scale form, 
the conducting power of the plates or tubes would remain imimpaired, and, 
consequently, would admit of their heating surface being considerably 
reduced. The air pump, which serves also as feed pump, is much smaller, 
as it has no injection water to remove from the condenser against a 
vacuum, and but very little air, viz., that which may accidentally leak 
through defective joints, or imperffect stuffing-boxes, and not, as in the 
injection condensers, all that may pass with the injection water, which 
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in stoimy weather, at sea is very oonsidertble in amotmt ; }stiD06i^^j^rtmc» 
condensers generaHy indicate a greater amount of vacaum. Again b^^^ 
or sand is carried with the steam into the cylinder or air pomp, whicK^ 
under the injection system, are much injured from tliat cause. 

The greater source of economy will, howeyer, be realised by the 
facility with which a much higher temperature of steam may be used 
under the system of surfieu^ condensation as compared with that of 
injection. Many attempts have been made within the last few years 
to increase the pressure of steam in marine boilers beyond the usual 15 lb. 
to 30 lb. per square inch, and to use it more expansively, but without 
success, except in those cases where surface condensers have been used ; 
as, at high temperatures, the scale and salts accumulate so rapidly, that 
the boilers require almost constantly blowing off. The economy to be 
obtained by the use of high-pressure steam and high degrees of expansion 
is so well known, that he need' dwell no longer on this subject, sin ply 
remarking that Messrs. Williamson and Perkins have succeeded (with 
tbe assistance of a surface condenser) in using steam at a pressure of 
5O0 lb. per inch, and a veiy high grade of expansion, at a cost of only 
1^ lb. of coal per horse power per hour. 

Most of the advantages resulting from the adoption of surface condensers 
in the marine engine may be obtained, though, perhaps, to a le8s extent 
in stationary engines, and possibly, even in locomotives. Ordinarily, the 
boilers have, in consequence of a deposit or sludge, to be periodically 
blown off, and the imperfectly soluble salts which are present, more or less 
in all spring water, form a scale nearly as quickly, and as hard and 
difficult to remove as in the marine boilers, as shown by specimens handed 
round. The first from a boiler using water from a well in the London 
Docks, and was formed in six weeks, and is, in some parts, ^in. in 
thickness. The other is from a locomotive boiler from the Great Western 
Bailway, formed in a fortnight. The water, in some parts, contains also 
highly corrosive ingredients, which destroy the metal, as shown by a 
specimen of a boiler plate fron the Dowlais Ironworks. This plate was 
originally fin. thick, and is, after two or three years' use, in some parts 
completely perforated, and in no part does the metal exceed fin. thickness ; 
the corrosive matter, in this case, was a salt of iron. 

Sur&ce condensation may also be applied with great advantage to 
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existing higfa-preflsore or non-condensitig engines, in trfaich there is, iii 
most instances, a back pressure arising from the escaping steam, amonnting 
to about 8 lb. per square inch, instead of which the sutfkce condenser would 
substitute a positive pressure of from 18 . to 14 lb. 

On the other hand, the foUowfaig objections hare been urged against 
the system : — 

Thehr great cost. The cost of the various plam of condensers is from 
£5 to £10 per nominal horse power ; this, however, is the cost when they 
are substituted for injection condensers, but in the construction of new 
engines on this syvtem, from this amount must be deducted the cost of the 
injection condensers and air pump, which would be required on the jet 
plan ; when, moreover, we consider that in surface condensation the boilers 
may be reduced to nearly half the usual size, and other parts of the engine 
in proportion to the extra pressure of the steam obtained, the balance 
would be in favour of the surface system. 

That the condensation does not take place with sufficient rapidity. 
This opinion, being only based on theoretical reasoning, does not exist 
to any appreciable extent in practice when a sufficient area of sur&ce is 
provided, excepting, when, through want of a littie attention and deaning, 
a scale is allowed to accumulate, which has been, imdoubtedly, the cause of 
their abandonment in many cases. 

The liability of the tubes to split or crack and admit air to the condenser. 
This has been provided against by the adoption of several different plans, 
presentiy described. 

The liability of the tubes to corrode and frir up. To this defect they 
are, no doubt, more or less liable, according to the nature of the water 
employed for condensation ; but, as that water is always at a comparatively 
low temperature, and the tubes being of a material less liable to corrosion than 
that of which the boiler is formed, will be compensated for, perhaps 
tenfold, by their saving the boiler. Surface condensers in ocean steamers 
have been at constant work for three years, and at the end of that time 
were in a state which, practically considered, was as good as when new. 

Their weight and bulk, which is however, so littie in excess of the 
injection condenser, that it is scarcely worth considering as an objection. 

Having referred to the principal points for and against the system 
of surface condensation, the author proceeded, with the aid of the diagrams, 




103 



to describe the wdom plaaa whioh baye been fiopoied to cany out the 

eystenu 

BaU'e plan, already described, is aipnMoted on diagram 5. In the first 
KM>ndeii8ez8 made on this (^an^ tba IoIms were fixed by having a coUar screwed 
np to each side of the Me plat% which did not allow of the unequal 
fispanflioa of the Met, which, consequ^tly, split or cracked, thus giving 
aooesB at mt the condenser. He, therefore, adopted the plan of fixing 
JMMBly one end oC the tube to the tube-plate, allowing the other end to 
.work fkne^ thEOqgh a staffing-boXf as rfqiHresented in disgram 7* 

In Older to Hapflfy the place of water lost through leaiuige Mr. Hall 
-Mdapted the apparatua shown on diagram 6. To relate the supply of 
^UatiDed water, so as to maintain the water in the boiler at a proper height, 
•a oook C is placed between the pipe B an^. the distilling vessel A ; by 
•^tening the cock C, the steam from the distilling vessel is allowed to pass 
into the condenser, where it is condensed and passed, with the condensation 
water, into the boiler. Whoi the proper level in the boiler is attained the 
Qock C may be dosed. The distilling vessel is connected with the cokl 
water cistern by the supply pipe D, to which is fitted the cock E, and the 
water is maintained at a proper height in the distilling vessel during the 
distillation by means <^ the float F and valve G. Any sediment may be 
blown off from the distillhig vessel through the pipe H, fitted with the cock 
EL, by the pressure of the steam admitted through the pipe I and cock M ; 
ihas, by shutting the oocks C and £, and openmg K and M, the pressure 
oi steam from the boiler, acting on the surfiice of the water in the distilling 
Teasel, drives it out with its impurities through the pipe H. The distilling 
vessel is let into the boiler, the steam in vrhich supplies the required heat 
Several plans have been used to effect this purpose, all acting more or less 
on this principle. 

The left-hand figure on the same diagram represents Mr. Hall's " Steam 
Saver," its office being to cause the steam which usually escapes at the 
safety valve to enter the condenser, so that the distilled water resulting fix>m 
its condensation may be restored to the boiler by the action of the air-pump, 
or any other suitable means, a, a, is a cjiindrical vessel closed at top, and 
the lower end plunged in mercury contained in a circular groove or cavity 
formed between two concentric cylinders h b. These cylinders are supported 
upon a square box which is closed at bottom and communicates w^th the 
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wMAIiUlt ia fitted a sliding vtim 1^ imrby iiMMdl aperture ovor whnii 
Mm a TalTe /. Ttie cylinder a U loaded liy the weight g g suspended 
within it, to Avhich is attached the frame h h ; the stem of the valve /, is 
ftltAched to thia frame, and the stem of the yalve e workA freeljr in a bola 

kwir ter «i fw iwMb 

Mr. Dinia ]b«iir 4ifiiti ft fta iildek 

to diagram 8. H MMllIt «f A MMber of horizontal tubes, in a wooden box 
open to the sea, and pusSs^ tbtough a stuffing-box in the tube plate 
Mmilar to that described, as used by Hall, and at ths otto end forced 
through A of Indift-mUMffy ytvfiam^j intfliiod la # wmm in tbe tube- 
tilalft, as elMwa In fit^rmn 7, opettin^f Hmwgfa ^resKl^A iid« finr Mipi^ 
iug the condensing water were provided with flanges so arranged tint 
whichever way the vessel was moving a current of water was constantlf 
flowing through the condenser. In this, which is a very simple and 
«aoiMmilo«l «nui0Mwntt lh« flow of mmi^mo^ia^ water would be haid^ 

Tlie plan adopted by MfV BlIwBi IT^ir Tartly And introduced into Hk 
country by Mr. Davison, will be undeivtood by referring to diagram 8, ft 
consists of a number of tubes placed horizontally, passing freely througb 
holM in eaeh tube pUte, aad, projecting a shortdiataQGe ateaeh end. Over 
IMP «id% is pAssid A sbest of IiidiA-rabbdr, pmiMd mm hoist mm- 
ponding with the holes in the tube-plate, and through the tubes are forced, 
thus forming an hydraulic cup-joint. The Int'ia-rubber is kept to the tube- 
plates by a gland, as shown in the diagram 7, which also serves to keep the 
tubss in plaoe. The water is forced by means of a euoulatiiigpaiiip through 
llw tolbfli fai th» diitotleii of lh« smwA W, 

llirough the branch S, the condensation water being drawn off through the 
branch C. In this condenser the tubes are very easily withdrawn for cleaning 
or renewal, and it is a ( heap and efiiciciit condenser. 

Mr. Spencer s condenser, wbioh has been somcwhAt extsoaively 
tiid wHh good tm^ to Mbr lo Hia ^ 

one or more India- 

vMm ftogi pABsdl mm 1k» ends of llio tubes And driven firmly into reoeasw 
pforided in the tubo-plate. 
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The expansion of the tabes has been proyided for in many other ways by 
different inventors. The plan recommended by De Bergne, r e pr e s en ted in 
diagram 7, consists of two tube-plates, with a sheet of India-robber 
between them, with holes corresponding with the holes in the tabe-f^tes. 
When the tabes are hi their places the two plates are screwed together, 
thus expanding the India-rabber laterally and making a fimk and tight 
joint. 

Another pUn (also represented in diagram 7), proposed, and, I belieye, 
adopted with success, by Mr. Turner, consists of mdting into a recess 
around the tube tin or other soft metal, whidi is afterwards caulked* It 
forms a tight joint, allowing the tube to expand, and can, if necessary, be 
Tery easily recaulked. 

The expansion of tubes is provided for in the patent of Messrs. Howden 
and Morton by bending the tubes in the form of the letter U, both ends being 
fixed in the same tube-plate, as shown in' the diagram 9. The water 
circulates through the tubes, the steam being on the outside. It would, no 
doubt, form a very good condenser, but the tubes would be very difficult to 
clean. 

Another plan for effecting the same purpose has been patented by Mr. 
Miller, of Washington, shown diagram 9, consisting of a tube of com- 
paratively large diameter, with a conical tube, fixed to the inside, the 
smaller end being closed, and extending nearly to the mouth of the outer 
tube. 

Mr. Miller states that he has found by experiment that water at a com- 
paratively high temperature is more efficient in the condenser than cold 
irater. This is, however, quite contrary to the experience of the author. 

Diagram 10 represents a condenser patented by Messrs. Williamson and 
Perkins. The exhaust steam from the boiler is admitted by the branch 
S into a cast iron box, containing a number of tubes .A closed at their 
upper ends, and firmly fi^ed into a tube- plate at the lower end, being 
allowed to expand and contract through the holes in the upper plate, which 
serves to keep the tubes in place. Inside these tubes are others of smaller 
diameter, B, open at both ends, the lowel ends being firmly fixed in the 
diaphragm of the chamber D, and reaching nearly to the closed ends of the 
tubes A. Water is admitted by the branch W through the chamber D 
into the tubes B, and^ passing through their upper ends, returns through the 
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•mmlaf ipace between Ura two tubes, that cooling the outer tubes and con- 
densing the steam, the condensation water from which is removed by the 
air pump through the branoh C, and is returned to the boiler. 

By an arrangement not shown in the diagram (should any leakage taks 
place) a valye attached to the inlet branch W being partiaUy closed, the 
circulating pump attached to the outlet branch W a^ under such circiim«- 
stances as an air pump, and causes a partial vacuum on both sides of the 
tnkm, thus preysnthig the access of condensing water to the condenser. 
.This omkmm Im been used with considerable success by Dr. Williamsoo, 
and p oss os s o B numy advantages mt the oefiany eooisMB; Sa^^lim 
condensation water having all to pass through the annular qutoe between 
the tubes must necessarily (the same quantity behig used) pass much morp 
fapidly over the surfaces than when the water Mb the whole of the tubes, 
^d thus present a laige surface ci water, and at the same time, by its 
rapid motion, diminish the quantity of scale or sediment on the tubes. The 
tubes are also free to expand and contract unequally by being fixed at one 
>end only. On the other hand, it would be very inaccessible for cleaning, 
and, from the double number of tubes, expensive. 

The next figure represents a plan patented by Messrs. Bandolph and 
Elder, and consists of a number <tf alternately right and left i^iral tubes, 
attached At one end to the top pipe W, the other end fiutened to the lower 
branch W, and enclosed in a cast iron case, into which the mchanst steam 
is admitted through the branch S, and the condensation water withdrawn 
through the branch C, the condensing water bdng made to pass throng 
ihe qund tubes. 

This condenser would, undoubtedly, expose a large condensing surface, 
'«nd would not be affiBoted by any unequal expansion and contraction of the 
tubes, but it would be expensivS and difficult to mannfitcture, and inacces- 
sible for cleaning. 

Diagram 12 shows a plan adopted by Du Tremblay for allowing for 
the expansion and contraction of the tubes by forming a chamber on the 
tube-plate, the upper end of which works in a stuffing-box in the condenser 
case, thus allowing the tubes to expand equally. But as the expansion is 
v«ry unequal (those tubes nearest the steam inlet expanding to a much 
greater degree than those at the opposite side of the condenser) this plan 
was not foimd to be of much value. In the condensers made by Dn 
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Trtoiblfiy the tubes were of an elUptical ftirm, and hetng fiaciad la the mould, 
the metal for the tube-[^te was cast around them, -which made a very 
•ffioetaal j<Mnt. But the toben could not be removed for renewaL 

On the same diagram is r^resented a plan for obtaining cooling surikcei, 
patented by Mr. DavSscm, of London, consisting of two sheets of coirogated 
metal^ rivetted or otherwise fastened together. By this a laige and 
eflecthre cooling surface is obtained at a moderate cost* 

The next figure will serve to Ulustrate a plan adopted with great 
•accoaa by Mr. Rowan, of Gla^ow. It oonsisU of a number of tubes, con* 
tained in a case, and surrounded with water, which is kept in motion by a 
fan OfT agitator. To this agitator is due the snperiority of tlua over ftffmw 
condrasers. 

The ezhanst sterai from the engine enters at the top, passing throng^ a 
Umtem-shaped frame covered with wire gau«e, placed on the end of the 
steam pipe. The steam passing thrmigh the tubes is condensed, and the 
condensation water withdrawn by the air-pump. The tubes pass throng 
stuffing-boxes, as shown in fig. 7 diagram 7. The packing -used is a short 
length of India-rubber tube lined with linen, to allow the tube to pass eaaUy 
through without sticking. On these tubes are placed ferrules, pressed down 
to their places by plates, perforated to correspond to the tubes, which they 
alsa serve to keep in their places. Six or eight of these plates only are 
used to all the tubes in the condenser. 

The condenser, although necessarily somewhat more complicated than 
the plans above described, appears to possess advantages over them, the 
sui&ce bdog considerably reduced. It does not appear to be veiy accessible 
Sot deaning or repairs. 

In the condensers hitherto described the condensation is effected by the 
drcnlation of a body of water, but other plans have been proposed, and, to 
some extent, used, in which the process is effected by the evaporation of the 
condensing water which is q[>rinkled i^n instead of surrounding the tubes 
in a solid body. On this plan several have been made by Mr. Pirsson, of 
Kew York, as represented diagram 14. 

The tubes through which the steam passes are fixed into thin copper 
tube plates, and water allowed to fall or trickle over them from a perforated 
pipe or rose. The waste water and air are withdrawn by the lower branch 
W. In these condensers a communication is made between the exterior 
and interior of the tubes by means of the orifices B. 
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By this oontrivance the preastire is equalised and all strain on the tubes 
and plates removed, but the arrangement involves the loss of upwards of 25 
per cent, of the condensation water. These condensers, at least in some 
cases, wear out quickly, those placed on board the State of Gleorgia, an 
American vessel, having been renewed three times in six years. Tliis 
system has the follovring advantage, that should the condenser get out of 
order, by removing the tubes, it is c<mverted into an injection condenser. 

Condensers of this class have the advantage of being lighter than those 
before described, owing to their not having so great a body of water in 
them. 

Messrs. Pontifex make condensers, as shown in diagram 15. Ck>pper 
tubes of large diameter are fixed at each end into a cast uron box, allowance 
being made at one end for expansion by a collar of India-rubber attached to 
the tube, and also to the socket, as shown. The condensing water is made 
to fall on them in the form of shower, and is rapidly evaporated by the 
Steam within, which is thus condensed. Many of these condensers are in 
use in London producing good results, but they are only adapted for land 
engines and to be fixed to the exterior of the engine-house ; they are also 
subject to rapid corrosion. 

Mr. Perkins has a very successful condenser represented in diagram 16. 
It is composed of a number of horizontal iron tubes of small diameter, 
screwed into vertical tubes of 3 in. diameter, f in. thick connected with the 
exhaust steam pipe on the one side, and the condensation water pipe on the 
other. The small horizontal pipes are, after being screwed into the 3 in. 
pipes, caulked up, thus making a secure joint, and, from their length and 
small diameter, bend when unequal expansion takes place. The steam 
passes through the tubes, the condensing water fisilling on the exterior sur- 
face. This condenser produces good results. 

Mr. Perkins proposes, in some instances, to enclose this condenser in a 
case, and from thence form a conmiunication with tlie furnace or chimney of 
the boiler, which, by the rapid current of air passmg through, would, no 
doubt, increase its efficiency. 

Mr. Howden also has patented a condenser based on this principle. 

On this principle, also, as long ago as 1822, previous to the experiments 
of Mr. Hall, Mr. Clark patented a very ingenious though somewhat com- 
plicated condenser, repres^ted in diagram 17. The steam is condensed in 
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small tubes fixed into larger ones which nuBat* from a centra, orcr which 
water, in the form of a diower, is made to fall ; the rapidity of the con- 
densing water is accelerated by means of a fkn placed in the centre. It 
would, no doubt, be very efficient, although subject to the same rapid 
deterioration from oxidation as others made on this principle. 

Diagram 18 represents a condenser patented by Messrs. Samuel and 
Nicholson, apj^icable to paddle-wheel engines. The steam in this example 
is admitted through ft perforated pipe into a case provided with a number of 
tubes, the outer surface of which is kept wet by the water thrown up by 
the paddle-floats, thus dispensing with circulating pumps. As a condenser 
its position would be exceedingly objectionable. 

The two concluding figures represent a plan of the author*8, fai which he 
had endeavoured to remedy, as far as possible, the defects pointed out in 
some of the examples before referred to. It consists of a case containing a 
number of tubes, through which the condensing water is made to flow in a 
circular film instead of their bdfig wholly filled, as is the usual practice ; 
or, on the other hand, simply sprinkled with water. This film is caused by 
inserting in the upper end of the condensing tubes short pieces of tube 
slightly smaller in diameter, thus leaving an annular space between the 
two, through which the water flows in the f<mn of a hollow column. These 
interior or distributing tubes may be corrugated in a spiral direction in 
order to give to the water a motion in a spiral direction, and thus compel it 
to maintain the form of a film under aU circumstances throughout its entire 
course. A current of air, produced by mechanical means, or by forming ft 
communication through the opening A with the boiler furnace or chimney, 
is made to pass through the centre of the tubes, and thus materially 
increase the rapidity of action of the condeuser. 

It possesses this advantage over those condensers in which condensation 
is effected by the evaporation soldy, that, by the tubes being constantly 
covered with a current of water, very little, if any scale, can form on their 
surfaces, and the tubes are not so subject to corrosion as when they are 
exposed to wind and water. Compared with the other description of con- 
denser where water is allowed to flow through in a body, it is more rapid 
in its action, thereby rendering a less amount of condensing surface 
necessary. 

This has been proved by experiments as follows: — Using a model 
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itiAib»taJtmtiMw¥kmA&t,^ihb^ the tabes, na 

OTW the ontridtt tinis wOdiig flM wnhce of tiie ctse svaaaUe in adfitSoE 
to the tabes, stesm wai atelttod from a boiler, at about 16 lb. fmtm>e, te 
inch aa exteot as jmt to cause steam to issue ftrom the branch tbnragh 
wbldi coadensatkm irater alone should Issue, thus proTing that the oen^ 
teiser had as ranch work as it oould do. The drcnlating' water passed off 
at nearly MO deg. Then altering the condenser to the plan above d es cri bed 
and using ibe same quantity of condensing mAet (none <^ which, however, 
was aDowed to pass over the outer case, as in tiie first instance), it was 
fioimd to eondense a greater amount of steam, and the dnulating water 
passed off at a much lower temperature, viz., 110 deg. A fiorther advan- 
tage is, that the tubes oan be deaned or have their paddn^ tightened, or, 
if accidentally split or otherwise damaged, they may be plugged up at any 
time, even whilst the engine is at work. Tfaiswill benndentood bynlerawe 
to the oondnding fignvs. 

The soewed tube, whidi passes throu|h the upper piate or cover, givin 
the neoessaiy pveasure to the packing, and is at all times accesrible for read- 
justment; it also forms a socket^for Ihe distributfeig tube, on removing whaA 
the condenser tube may be cleaned wkh a brosh, or in any other way. In no 
otiiar fom of enddsed ttindar condenser can the tid>es be cleaned or- the 
packing adjusted whilst the engine is in notion, or without removing seme 
poirtion of the ease. , 

This of coarse, inqniies timeand Isbbur, aiid causes delay. Thia^Uffir 
culty has been the cause of many oondensers having been neglbcted, and 
consequent^ abandoned, and the iajedion' system snbet^^ 

There is another class'of solrfaoe ooodenser. In whidt the heat is carried 
off by the air alone. An eariy exan^le of tiiia kind of condenser has akeady 
been alluded to In the first part of this paper as having been hiduded by 
James Watt in his patent for a rood locomotive. 

Hr. Craddock has patented a doiidenser on this principle, and aj^ilied it 
with some suoeess. B» oauses the whole condenser, consisting <rf a number 
<kf small tubes, to r^dve rapidly, thus caushig a constant change of air to 
the tubes. This is necessarily an eatpenslve and complicated arrai^pement, 
and has not come into extensive use* 

Mr. Perkins has also patented an air condenser, consisting of a laige numr 
ber of vertical tubes of small diameter, partially open. at the Uupy the steam 
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being admitted at the bottom. Thflie tdbw he also pcopoeee to mdm la a 

case, and form a communication with the ftunaoe or chimney of the boUec 
In tbSa condfloaer no Tacnmn is fnteod, it being designed only to retum the 
pDie water to the bdler. He has used a condenser on this principle wilh 
iome eaeeesB, bat has abandoned it in &Tonr of his plan ahreadj described* 

Air condensen have not come into use in oonseqneDoe d their slowness 
of action, eq^ecially fai warm weather. 

There k another system of condenser wliidi, althon^ not strictly coming 
nnder the head of sor&ce condensers, possesses so many of the advai^ages 
of that system, that it desenres a brief notice, tIz., that of cooling the fa^Jeo- 
ti(m water of an ordinary condenser to be need again for l^e same pnrpoei, 
thns aHowing fresh water only in the eondensert and consequently in the 
boiler. This has generally been effected by passing the water through tabes 
cont^edincasesopentotheseaorotherwitecocded. He the«ght it was first 
proposed by Symington, and it has been since tried by Mr* Snteliffe, Sehiele, 
Howard, and others, but •with. IndlffiBrent sooceiBS owing to the water partfaig 
80 slowly with its heat. 

The following are detafls of a few oondmsers In aetnal use: — One by 
'Spencer, applied to a pahrof marine engines, cylindfirs 6& ia< diameter, 3 ft. 
6 fau stroke, making forty-five revolfxtions per minute, tndieatiBg 1,800- 
horse power, contains 1,600 tubes 1 in. dUmeter, 7 ft. 6 in. long^ giving 
about 24 square feet per horse power, the steam in the boilen being at 
25 Ib^ a supidement4iy en^e and boiler being enq»leyed to drive the air 
pump. These enghies formerly worked with an faijection condenser con- 
suming 48 tons of fuel a day. This Mr. Spencer, by means of his vadkm 
condenser and other improvements, guaranteed to reduce to M tons. This 
he has not quite effected, but it is owing, in-H great measure, to defective 
boilers, which I believe are being replaced. 

The cost of his improvements is firom £6 to £10 per nominal horse 
power. 

In an example by Rowan, applied to a pair of engines of 200 indicated 
horse power each, the condenser contained 720 tubes 7ft. long ^in. diameter 
and in. thick, giving a surface of nearly 1| ft. per horse-power, the 
pressure in the boiler being 100 lb. to 1201b. per square inch, the vacuum 
about 25 in. mercury. 

Mr. Rowan, however, has constructed condensers with less than 1 i square 
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feet of gnrfooe per horae power, giving a yaenimi of 28 in., 281 in^ and 
even up to 29 in. 

A condenser made hy Messrs. Merrick and Sons, of Pliiladelphia, to 
supply the place of Pirsson^s already alluded to as having worn out so 
rapidly- on board the State ot Columbia : — The engine is a nngle side levei^ 
cylinder 72 in. diameter, 8 ft stroke, making fifteen revolutions per minute; 
22 lb. steam in the boiler, worked expanrnvdy ; indicated horse power, 850 
to 900 : the condenser contains 2,453 tubes | in. inside diameter, ^ in. 
thick, about 5 ft 5 in. long ; steam on tiie outside of the tubes. The tubes 
are firmly fixed into the tube plates, no allowance being made for expan- 
sion ; amount of vacuum about 25 in. mercury. The condenser occupies a 
space 5ft. x 4 ft. x 6ft;.3in. high ; it has two double-acting circulating 
pumps 15 in. diameter, 20 in stroke, not quite large ^ough for their work 
no tallow or oil used in the cylinder. The loss of water through leakage, &c., 
is made up by drawing from the sea ; and when the boiler is blown of^ 
after 700 miles run, the density of the water is found to be one-fourth that 
of sea water. 

From these and other examples we may draw the following rules : — 

The tube surface generally allowed is 2^ square feet per indicated horse 
power, though Rowan uses as low as 1^ square feet. 

The tubes vary from 4 in. to 1 in. diameter, and from ^ in., to in. 
thick. Horizontal condensers requiring larger and thicker tubes than ver- 
tical, having to support their own weight full of water. 

The condensing water is about the same in quantity as for injection 
condensers. 

The air pumps are reduced to from one-half to one-third the capacity. 
The average vacuum is higher than in the injection condensers. 
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December 27id, .... 

' j/ AMOS IN THE CilAIR. 

" on SpRFACE CQNDEKSEES. , 
. , siaotrafliov. * r 

steam- vessels Octavia and Moultan, which had tanV since the 

ding of his paper- The former built for the Navy, iHttfi enginea by 
ssrs. Maudsley and Field was fitted with a surface condenser, contaiidng 
vlj- li miles of iB«tal tubes placed vertically. The boUeis also yiin 
M 'wiiB*'8B|)eraeatxn^ apfyaivuis unmr uflui|^ oDiy iipi^uiijub Tne 
J of those of the same power in other vessels of the Royal Navy. On her 
It skeooHflimied only one-half the quantity of fuel ordinarily consumed by 
^am of tiie same power. The pressure of steam in the ha^kUhkH l^tL 
'jyprt iaiicbj Taenam ia ii)fj|jjfc|iiyiy- 2^ indies, and her bemui i|>eed 
l^ls&ots. ( ir'-'~ " 

On the first trial of the Moultan, beleiigteg ifm Peninsular and 
iental Steam Navigation Company, the engines by Bhunphreys and 
nnant, she had only consumed 630 tons of coal against 1200 tons under 
tinary drcumstances by other resseb of the same power, h&Bg at the rate 
Sniitt AfftM^ per faiOfse^poW^r fii^ Ibb^bR " -"^-"^ 

He also gave the results of some experiments made by Mr. JonH Ik 
fen by him in a paper read before the Royal Society, as follows : — 

That the pressnmut the vacnofos portion of the condedMrls the sUie ja 

'^mt^'tjmm^m ^ mmaitid v^oWM ii^tal^'ii « d^t 

Ference existed Mire»i fbe piesnire in ^ *^ ^ 
adensers. * " ' . ^ • » t*. V ^ , 

"That it is a matter of indiflference whether fliii^liyf'iyii^lif tfe 
me or the contrary directi^ to the steam." 

" Thirf water waft 



With the two latter remarks Sir. Louch entirely concurred. 
Mr. Toiing described a condenser, invented by Mr. Craddock, in which 
■ir vas nied as the condensing medtiim, and hy which a vacuum of 24 in. 
wm oUaiiiadi and wfaadi in all zoqnoli was aaooeaefiiL Admitting the 
great impff oy i n mt and ▼ahie of toiftee eondensers, lie was, nflviatihilMii «f 
opinion that they would not, under their present form, effect a saving to 
the extent of 50 per cent, as stated in the instance of the Octavia, but that 
tlie most that could be expected would be from 80 to 40 per cent. 

The Chairman thooi^ thai in many of tlw ijslemfl of aor&oe eon- 
dauieafB deecrfbed, the expandim and oontnictloa of- the talMS Und'^eiB too 
much considered, ho questioned whether the ordinary method of tubing," 
as practised in locomotive boilers for instance, would not do equally well, and 
at vrndi Im iaq»ense. In fact, in several cases in which he had been oon- 
eaned, lAmm « modiication of the tabular pciud^le, in comWnation with 
the cvdbiizjr condntaTi had heen nsedf nidi an anrangeciint liad weilEtd 
well for several years. 

He then gave the following practical information, which bad come 
t hk hnmediati obNmtlottt^ 



Keniail Bam Tmm, Onbic Feet of Water. 

Steam-ship Jiuniui 200 260 

It Koidtitt ••• 400 •■« • • 600 
yi Biifw «•« «■• 1$ to 000 ■>« *t« 000 

m 



wm eqpable ef hibg pined ^mm^ ^ eentaaen iba < 
pnmpi. This quantity in eUte eili could be doubled, as the circulatiiig 
apparatus in each case was in duplicate, but, in practice, considerably less 
than the quantity stated above sufficed. He thought that nothing could 
be better than a continuous and la^dd dreolalion of cold water, and 
Mieihad Ode ftdTantoge^ ^ bulk of the rndttw 
diminished. 

Mr. Louch, in reply, stated, hfi had heard that good 
obtained by Mr. Graddock's airHHAdeoev, bat he pKkmi whig walbmt^ 
being more dmple end efficient. 

Wiilrepud to 1^ ifttlBg of iHidt in Hie Oetafli> he^oiiiH ^ ^ 
nsiial tjsm§f each a great saving as 50 per cent wonld not be effected ; but 

K 2 
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this ressel had made a nm of 0000 milea, and had reduced the ftiel eoo- 
Slimed neaify to that extent. 

With regard to the expansion of the tabes, he did not consider the 
locofmotiTe boikr, as mentioned by the Chairman, a parallel case, as in 
locomotive boilers the tubes were gradually expanded, whereas the tubes of 
surface condensers were suddenly and frequently contracted and expanded, 
thus prodadng almost a percussiye action ; in practice, it had been found 
necessary to provide for this sudden and unequal expansion. 

The Chairman, in summing np, stated, that the subject had been yery 
ably brought before them, and he regretted that more diseussion had 
not resulted tnm to good and useful a pi^per. 
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PREMIUMS 

FOR 1862. 



At l^e Meeting of the Society, on January 12th, 1863, Pre- 
minms of Books were awarded to:— 

Baldwin Latha.m, for his Paper ''On the Inundations of 
Marshland." 

And to 

Lbwi^ Olbick, for his Paper "On Marine Governors.'* 
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SOCIETY OF ENGINEEKS. 

EULES AND BYE-LAWS. 



^1^^^ This Society was established for the discussion 

of scientific and other subjects of general interest. 

Thb ELEonoN OF Membebs. 

^abepof 1. The Society shall consist of two classes — 
Members and Associates. 

Kode at 2. Members and Associates to be elected by ballot ; 
one tiiird black balls to exclude. 
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of age. Aisoci«teii» on attauidiig tluil age, mj 
p«M to the daas ol IfaiiboiB on expreesmf 
tiMir mteotioii to Ite Gomaaitto^ 
tlio diffaraioo of entranoe fee and stOMe^^tioa. 



4. Candidates to be proposed by a Member or 
Asoooiato of ^ Soeioty and ivsecHaaiaeiKled by 
'al loaat tinoo oIIm% on a T^m§mH ^om 
wldiA ia to lia forwarded to tiie Semiiiy i^ 
least seyen days before any Ordinary Meeting; 
the ballot to take plaoe at the condnsioa of 
such Meeting. 



M^b^ia'a^d Membfir or Jkaeooialo to bo oi^elled 

out fho emmt of at kaat'flum foniibs d 
Hm Mtimbm and Aaoocaatea pment, or by 
proxy, at a Special Omsnl Meetingi called 
for soob puipofio. 



6. Moodim and Aiwoclatga to liafo the pimkg^ 
dt iaaidaf oaxda of imIiiiM for tiro tuoto 
at oadi Oniinai^ Meetiaig. 



t 



, JkCLXS mn THE Election and PROCEEDnw» ov 

CoKXmXB AKD OfI1C£BS. 

7. The Officers of the Society to be eleciM «ft 
the General Meeting ia DeceiadiiK^ eedi ;^w» 

by ballot. 

8. The Omem duOl omnit of s Co9BiBiittee of 
' ' ^^^ifMik^'-m^^'^m ili6 FMt 

^ Ctti^iiiliil. ''^itf' ' ObiBiidtteoiii^ and Hosuxrerf 
liMiMipia&j Ttoasiurar, idio ahaU be Hem- 
bm ex offii3i6. nie Past CSiainEien to be 
limited to sixy to letibe by aei^oiity, but to 
be eligible idr x^lectioa on tbe Committee. 

of 9, A Member (not being one of tbe Committee) 
to be elected as Auditor, wbo shall make 
his report at the first Ordinary Meeting 
in each year. 

* * ' l6« if'Et^ ifeukdbets to be a quonim; the Cbairmaa 
to hme Ibe meting rote. 
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^^gS^ U« The Comnilled to deet tiiw Ohiifiiitti 1^ 
bdH ^ ^^uOl be Chaiziiiea of all MBttix^ 
tiaoni^biiiit the par. 

No minatio n JjJ, In the absence of the Chaiiman at any 
MeetiBi^ a Deputy shall he wmmmML by 
tibe CooiBiiltee. 

IS. Hm OinouhMm dMU iMTt ilie aob aoiaee- 

iSjenlf of the i^ds, and the entiro iwjNftriu* 
tttdeaee of the Sodaty. 




Seioetionof 14, The Committee shall select the subiects and 
Dinonirifln papers to be read and discussed at the 

(MiBfiiy Ifeetiogi* Messibw foA AamiiilQe 
wiAiag te msA a pap^^ ^ wh0 nidi 
hafe ft parisbuhir mitgeol dbeassed^ miiai 
notify the aame to the Ckwaittee. 



Special 
Meeting of 
Committee. 



A Spedal Meeting of fibe Oomiiiiltee duOl 
be called m Ihe Toqmdiim of time of iU 
ICemberi. 



ft 



J^enr The GoBiiiiittee resigning office shaU pie- 
pare a list of proposed new Officers, which 

shall be sent to each Member and Associate 

with the notice of the General Meeting. 

^"""^tont : Ji^Tiyl^lm ^Btkacmg MmmM tor tABB&m 
m Ite Qmm^f must giTe in hk name to 
iiie (kmsoMt&t on or before ^e Ordinary 
Meetifif m If o^mber* . Xhe lURoe ei musk 
Member shall be appended to the list pro- 
posed the Committee. 

19, Members and Associates who do not attend 
the General Meeting should forward the aboye- 
named list to the Mmmaty Seiiretarj, with 
wmk atteMoa m the nami» as they imxe^ 
iwMiikt * those from ^e Members and 
Itwiiiatfifi l^sent, shall he handed to two 
scmtiiiem appointed by the Chairman, who 



tion of 



shall ascertain the number of votes obtamed 
by eftbh Membori and the Chairman shall 
make Tamm tiie ramlt to ilie m&el&t^ 



to bo deeidad bj lot. 

gjjjg^** 21. The scrutineers to wgect all baUoting lista 
not properly filled up. 



SiTsiSLry ^ Honofwf Secreteiy and Treasiw to 
iiiidTk«Miis«r. ^ daeied by the Menibm and AaMxaita d 

tiio Sodbfy, and to be noiimated in Oe 
of QfloeES psropoied by tibe Conmiittee fm 
the year ensuing. 



g ^gtody^ 23. The Honorary Sccretaiy and Treasurer shall 
keep the funds and accounts of the Society, 
which shall he open for the inspection d 
any USeaober or 



aoes^. 34. An entrance fee of twenty-one shillingB to 
be paid by Members and ten shillings and 
sixpence by Associates on election. 

ri^ptLon. mmml gobicriptaiHifl fcxr Meinbers to be 

tmsB^-w <Aiffi»iM ^ AmeistoB ten 

shillings and shpfmm^ to be paid in adyanod. 
They are due m JSbi^ first day of January 

in . each year, i . , 

•| • - ■ 

. out: nl^jfiie lOngdim, ahaU pay ten 

I. I.; ^> idiiUiiii ani di^aiiee ^tranoe &e and ten 
shillings and mxjfmxm' aimiial aabseiiption. 



Demand 27. Any Member or Associate joining the Society 
I?*' diall • pay his entrance fee, and first year's 

J I limtkmSiMm^ ftemm ^ tmsfmg the benefits 
>A ^ i ; Hf tbii ftaoietyi wlueh shfdl be considered as 
fflid opfy to tiie dlst of Beeember ^isiiii^. 
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Soo 28, Members and Associates whose subscriptions 

are unpaid are not qualified to vote. 



subaeriptioiis 29* Members or Associates whose subscriptions are 

inaitear. 

in arrear for two years, to be struck off the 
register of the Society, but to be still liable 
for the amount due. 



Mebtinos of the Society. 



Of^unwy 30. The Ordinary Meetings shall be held on the 

Meetings. 

second Monday in January, and the first 
Monday in February, March, April, May, 
June, September, October, November, and 
December, unless otherwise specially ordered 
by the Committee. The Chair to be taken 
at 7 o'clock p.m* 



eCii ^ Sp^ial General Meeting of the Society 

Meeting. Called On the requisition of eight 

of its Members, who shall send to the 
Committee the resolutions to be proposed by 
them at such meeting. 
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M«M««n«it The Chairman to have the power of direct- 

or pibcossioii. ' 

ing the maimer of discusdon. 

88. There shall he a General Meeting held 
within the first fortnight of December in 
each year, to elect the Officers of the Society 
for the ensuing year. 

Voting 34. Members and Associates are entitled to vote 

by Proxy. 

by proxy. 

Notice of 86. The Honorary Secretary shall write to every 

Keetingf. 

Member and Associate at least four days 
before each Ordinary Meeting, naming the 
date of the same, the subject of the Paper, 
and by whom to be read; likewise the names 
of Candidates for election and by whom pro- 
posed. 

fta^wa Honorary Secretary shall commence the 

proceedings of each Meeting by reading the 
minutes of the one preceding, the abstract of 
the Paper read, with notes of the discussion 
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at the preyions Meeting, and the names of 
the gentlemen proposed for election. 

Premiimu for 37* Premiums in Books, not exceeding the yalue 
of Six Ponnds, will be given annually for 
the best Papers read during the previous 
year. The decision to be left to the Com- 
mittee, who are disqualified from receiving 
premiums. 

g^^tionof 38. After each Paper is read, the Committee 
are to decide whether it would be desirable 
to publish it, and, on obtaining the author's 
consent, are to arrange with the Editor of 
a Scientific Journal to publish the whole or 
part of the same. 



Alteratioii of 
Boles. 



39* No alteration to be made in the above Bules 
and Bye-Laws without the sanction of a 
Special Meeting called for that purpose. 
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December 8M, 1862. 

ANNUAL GENERAL MEETING. 
E. RILEY IN THE Chair. 

The Chair was taken at 7 o'clock. 

The Minutes of the previous Meeting were read, con- 
iirmed and signed. 

Messrs. C. J. Light and J Hadley were appointed by the Chairman 
to act as Scrutineers for examining the Balloting Lists for the election 
of the Committee and Officers for the year 1863. 

The Scrutineers handed their Eeport to the Chairman, who declared 
the following gentlemen elected as the Committee and Officers for the 

OOIOOTTKB. 

G. W. ALLAMf O. Campion, 

J. Amos, W. T. Carrlngton, 

E. IC. Cmxama, J. lamt^ 

R. M. Ordisb^ W. Parset, 

E. BlLET, E. RETKOIiDt^ 



A vote of thanks was unanimously passed to the Chairman, Com- 
mittee, Auditor, moA'SLommxj Secfetaiy^ fbr thieir exextiQiifl on beliilf 
of the Society. 
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December Sthy 1862. 
SPECIAL GENERAL MEETING. 
E. RILEY, IN THE Chair. 

The Minutes of the previous Meeting were read, confirmed 
and signed. 

The following Resolutions were agreed to: 

" That the Society he divided mto two claases, viz. : — Memhers and 
Associates, — and that of the present Memhers, Ihose should he styled 
Memhers who pay an Annual Suhscription of 2l8., and those should 
he styled Associates who pay an Annual Suhscription of lOs. 6d." 

"That for the future, all Memhers, except those who reside per- 
manently out of the United Elingdom, shall pay an Entrance Fee 
of 21s. and an Annual Suhscription of 21s., and all Associates shall 
pay an Entrance Fee of 10s. 6d. and an Annual Suhscription of lOs. 6d. 
That Memhers shall not he less than twenty-three years of age, and 
that Associates on attaining that age may pass to the class of Memhers, 
on expressing their intention to the Committee and paying the difference 
of Entrance Fee and Suhscription.*' 

" That Memhers residing permanently out of the United Kingdom 
shall pay 10s. 6d. Annual Suhscription, and 10s. 6d. Entrance Fee." 

"That at any General or Special Meeting of the Society, the 
scrutineers shall nave power to reject all halloting lists not properly 
filled up." 

" That all Memhers and Associates shall he required to pay their 
Entrance Fee and first year's Suhscription, previous to receiving the 
henefits of the Society." 

"Memhers and Associates whose Suhscriptions are in arrear for 
two years to he struck off the register of the Society, hut to he 
still liahle for the amount of Suhscriptions due." 

"That the present Rules of the Society he altered hy the Com- 
mittee, in accordance with the ahove resolutions." 



Signed, E. RILEY, Chairman. 
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June lOa, 1862. 

A]S^NUAL COD^^VERSAZIONE. 

The Annual Conversazione of the Society was held in 
Lower Hall, on Tuesday evening, Jxme 10th. 
The Hall was arranged with a large number of models, 
wings, photographs, &c., which afforded a very pleasant 
instinctive evening to a large number of the members 
. their friends. 

Visits to the Main Drainage Works. 

The Society having obtained permission from the Engineer of the 
trd of Works, J. Bazellgette, Esq., to view the Slain Drainage 
rks in progress, — several members availed themselves of the 
ort unity thus afforded them of inspecting this important under- 
Lng. 

The Members were accompanied over the Works of the Southern 
■fall, on May 10th, by J. Grant, Esq., C.E. ; and over those of the 
rthem Outfall, on October 23rd, by E. Cooper, Esq., C.E. 
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January IZth, 18G2. 
£. BILBT m xsb Gbaib. 

THK mawmm m MMm vmm rm rba, Am the 

€l0il8!EllKmON OF SEA AHB omBE BlHES. 

By E. Olandeb. 

The author would endeavour to lay before the society the detaDs of con- 

iction of Sea Banks, &c., taken from his own experience while engaged on 
h works. He would divide the subject into the following heads — first, the 

niltg Bwik| «»iurth1^, the Guide or Cauo^ Baak; «jidiii9l^« tiie^iddi^g 
OrmSUi for the Ming up of gaps, &g. The most important of all is the 
t^omxte Bank constructed to take land from the sea In the construction 
m$sh, a work the transverse section will greatly depend on the situation, 
imlly a dope of not law; fSbm 4 1«» I •hovid l)tnglv«it i» tbd M alopt, 
1 HiA ioBor or liuii|iii)|)*i)t^4tMp M vktify moA ^ Uf U l» h 
Be thought some kinds of protection for the slopes used by the Dutch 
j^OSers were not so good and more costly than those used here for some 
08, although they may be better adapted for Holland, where there are 
plains of warp land miles before 4iMpii«ler is to be foaiid»1i^lk ]i»ieh 
I 0tm 984 ^ ^ ^ ^ than ^peaenOly have m mm «o»8ts, 

TAriom t^ar^ ^ UrtMi we have an every day ^fib^ee of ^5 to SO feet 
: one of the tidal stations, Weston-super-Mare, a difference of39 feet has 
in recorded), rendering the force of the sea more dangerous to the banks. 

Drawing (No. 1.) is a transverse section of the best fonn of enclosure 
ok. The hearting is n^erally composed of sand or good waip^ the latter 
ing far pfeftrsl^ go^hy hafrow foads fnm "floor pits,** i^ntlng the 
ri posed bank. Sea marsh sods would be better if a quantity could be 
taiiied, but an acre of such material one foot deep would soon be taken 
'ay, and extra expense incurred in the increasuig distance, and hence the 
cessity to.itse such mateiial ad can be got by short leads in the front and 
iMtlnet iik flf tilto hank. 
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When the hearting is of sufficient height and the slopes trimmed, the 
clay protection (I ft. 6 in. thick) is cast on trimmed and well punned, care 
must be taken to procure the best kind of day. The blue " butter clay is 
not suited for this purpose, it being generally obtained from the slopes of 
creeks where in its natural bed it receives soakings every tide, and whm 
exposed to the action of the atmosphere cracks and forms dangerous openings, 
and there is also a difficulty in working it to an uniform slope through its 
soft nature : it will run down to the toe. Good clay can be obtained generally 
in the bay of green marsh, and is very good for this purpose. 

After the clay is nicely trimmed on, a complete layer of green marsh sods 
or " flags," should be placed on the clay 6 in. deep, or more if possible, well 
jammed together, on top of these a layer of Glunch Stone (chalk stone is 
good) I foot deep. Care should be taken that good packers are employed 
as the strength of the stone-work depends much in the manner each stone 
bites the other, also in producing a flat top offering less resistance to the 
action of the waves. 

Such a bank should be adopted where strength is required, and it will 
be seen that, if made strictly according to specification, it would require a 
powerfbl sea to do any amount of damage. It may appear a strong work 
where only a head of water of 8 feet has to be met, but the sea is v^ strong 
at times, and would, in an exposed part, cleave l^ose stones away. When 
once the water touches the hearting which has become dry, a gap wiU 
soon form, and the water rush through. A better idea cannot be given than 
by supposing the inside of the bank to be composed of moist sugar. 

Drawing No. 2 shews a Dutch mode of making sea banks and method 
of protecting slopes. The clay upon the hearting will be the same as 
already described, and on top of this (instead of sods) straw matting, called 
crammatting." The process of covering the slope is as follows : — supposing 
that we look up the slope, a layer of loose straw li in. thick is evenly 
distributed up and down the slope, after which straw bands are laid horizon- 
tally along the slope. The crammatter, or man who understands the work, 
by the aid of a tool, shewn on Drawing No. 3, thrusts the band in the form 
of a stitch into the clay through the loose straw at every four or five inches. 
Before the second stitch is performed the workman will give the band a twist 
so as to keep if round, and then the thrust is repeated. (64 stitches go to 
the square yard). 
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; 1 

Thit cratiimattiflg wftl tot in two, or at Hio nott In three yoan, ft Ds better 

to use flags instead, being a permanent malociil and oonsoUdatiug with age^ 
Over this, in lieu of stone, a costly " fascine-work " protection is used, 
wMch is supposed to be an improvement on the old '* faggofB." Hie 
procees is as follows : The fas^nea are 7 ft. Gin. long and 6in. diametar asd 
1 ft diameter at tiie hmbm end, so that wboi oompreised form a layer 
about 6 inches thick. At every Ift. Gin. up and down the slope and 
1ft. 2in. along the slope, pointed stakes are driven into the clay through the 
crammatting 3ft. in length, and at an average of l^in. diameter, after which 
long twigs of about jia. diameter, technically called *^ binders,*' and about 
8 to tO Jiet in length. Titeaa m womA in and mi ti Mal» aloi^ 
the slope (say five on top of each other), after which keys are driven 
through the top of the stakes, and each stake driven down tight on the 
binders, and, of course, tight on the loose fascines, which fastens all down 
on top of the crammatting. This is one of the Dutch methods of protect- 
ing the slopes of tli^ aea hanks. 

A groftt deal (tf money hu been lost a waxit of 1aiowlfi4gi <»f thi 
ground tiiat an eiaclosare bank may be built upoa, lUm miAm maiiit^Qft 



an undertaking of this kind should not be made on silty " Of 
W ground, and not even on samphire or crab niarnh ground, whicli 
s nesLt in height to greea marsh ; bnt that the only site tliat can pos- 
pa7 the propria or a oMupait^, and partkolAtljr the oonlEactor, is al 
dge of green marsh, so far in as to lea^e a cm etlSMiSi^tif^tkty 1» 
feet, and when commenced should be ordinarily ploughed, causing a 
id sui-face to receive the " seat " of proposed bank. If, on the contrary, 
attempted when sea marsh does not exist, and seawards of green marsh, 
a an «aEpo«edpoaitioii, whero much of hack wfttor auMt noeoBWiTi ly ebb 
tShddtffictatleBilHii hegmt^ not so inf^'lii life ^doMfil^fl^ of Aft 
>sed work as in Iceeping the original ground the haul: U to he httiU 
For should a gap occur the cost of re-filling is so much increased, 
deeper the gap becomes by the increased length of the slopes ; and, 
ring again to the aaiety on the gieea marsh, is obrious from the Uyct 
itwSifonm^ a eMtbi ltdigfie''fl3id'^ irater Hiie, aad whiSf^ then 
»t sufficient head of water to render it dan-orous to its working; also 
material being of a very strong and tenacious nature meets the increased 
tance of the tides. The exposed position on the low groimds will give 
to several causes oi fiulure; and it requires the greatest care on the 
i of ^km engtneer ^ Ibraiee tike that the powers of wind and wave 
8 OfV^er the work of man. The apparently strong facing with rigid thick 
le protection, and a good fiat slope, has been shattered and carried away 
very short time. The 6 feet wave, with the wind obliquely on the slope, 
i clear away tbe stcmes. Another dash will scoop out a quantity of 
r work aad g«i 4^ iaM», md a great loss wiU he the ooiiseqtienc% 
ceially if tiM ettdoMd pnrtioii Is tlOed and worked up fbr agricultural 
'poses. 

In stating tfai and profit of constructing sea-banks at the edge of 

1 green marsh he risers to the enclosure of lands, and not to exclude the 
ketice of carrying forward amA a wosk two or three mflesi if droom* 
mces a^t <tf soc^ a reqalmilSiii A ^roiig isa-wall may be required 

shut out the sea for the eoostruction of waterworks, as docks, slips, &c ; 
t then the co^L is part of the works to be carried on within. This is ab- 
utely another question, and is in itself a matter of cost for sea-toalls for 
y special undertaking. 

fhn bank already described as b^g one of great stiengthi and which 
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would require small outlay in the maintenance (a great conaideration), 
would cost about £S0 per chain forward, therefore requiring about 300 
chains to enclose. 1,000 acres would amount to £24,000. When endoeed 
the land ought to fetch £45 per acre — equal to £45,000, leaving a residue 
of je81,000 as profit 

Comparing the cost of the two methods of constructing the bank 
already described, will shew that the one in Drawing No . 1 possesses advantages 
over that shewn in No. 2. The hearting will cost the same, day same, the 
green marsh sods can be done for 2d. the super yard, the Dutch crammatting 
costs the stone packing in place would be well i>aid at 28. 6d. per 
super yard 1 ft. deep, that being the price of the fiucine work, shewing a small 
reduction in favour of No. 1 Drawing, but this is not the main consideration. 
The first design is strong and permanent, which would resist any sea in the 
position already named for its site, whereas in the second case the sea slope 
is but temporary protection and easily damaged by the waves. 

Shelter akd Nuksino Bahk. 

The bank under this title, and which the author saw constructed, was 

(H 
I 



FIC. -f. 



Xo 



CXiSTJIIC mCLO^URK SANK 



II 



it ended to answer two purposes. First, tlint of slieltering and parenting 
image to au existing enclosure bank, and secondly, in assiatiag nature in 
le laying up of land for future enclosure. The one desiiability viz., that of 

:imaM:w$$aihi^ and socli an nnderUking has no di^ to tlw titk ol 

Supposing a, 6, the boundary of an old enclosure work and that further 
aimB are zeqniied aeawaedsy fip is the propoaed abelteiiiig uuraiiig bank. 

' doited aawir, there cannot exist a doubt that would matarlaUy 

leJter the old bank a, b, and for this purpose it has ita advaiitagea, when 
111 out to a certain length when the old sea bank is too weak and requires 
>utiniially repainng, and at times in danger. Thia would occur when 
Ml' aniill MiiaMllIf linliiiiilM i tfcft fMHitiiitiJUj, ibawlt^ Hwl an anelaiBtia 
iiik««#iit&beiiiadejM^lli«iffla«|a«Mflil^ tMiih%m^sismmM 
r * shelt^ bank unnecessary. But at the same time the bank (t, h, ndght 
f 43trcum stances be weak, and hence the necessity of an outer protection 
BDk. The most prominent advantage to be gained is that if maintained it 
rould ultimately become nm iUi Hm mm mi^mmB 

The bank d^iimmg begn ooiiatniet«d| lei m m UMimlt oT tlie9«»(kad 
sqairement, viz., that of asrasting nature In dq^tiog oc Ibft laying up of 
rarp for future enclosure. The simple fact bOKOQ^Io inMi ti« narrower you 
aake your river the quicker the rate of the tide^'«ad by the same principle 

a cut is made in an estuary to improre uavjpktlon and to obtain 
EMMlfit .£aU. ..bj m wmmdt, aoonr due to tlw «kM jrale of the m by 
Qtting wA bsnte from a eoasi the same theory win hold good, oeftaialy to 
, small extent, but to an extent sufficient to interfere with the process of 
' laying up " already mentioned. In the vicinity of the inside of the bank 
X, the flood and ebb tides are considerably increased. Now, theraSMre^. 
m the w>az|^.#Vf^4y^di^>o«M m c^atlrfly subservient to the r«te of thft w$.Uat 
ms^>0mli^MBkmitmAmUyM take away that whieh would hare 
■emained, had it not been for the bank that caused the extra scour. The 
luthor had seen a rich deposit during low " neaps " when a good wind in 
hB "i^rings" causing a high tide, and an increased rate of ebb has taken all 
iinigr iplte to the original surface '^warp " deposit, collecting in 
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an estuary is seen in its theoiy by considering the water leaving the deep sea 
beyond and coming up a flat plain of little depth, and when reaching this 
point passes on slowly, coming at last to a stand at the edges of the green 
marshes. The matter carried along by the tide which did not snk through the 
troubled water, but becoming quiet, those particles which produce good land 
leave themselyes lightly on the surface. Now by raising such impediments 
as bars or cradge banks, commotion takes place, and ultimately an increased 
rate of tide. Hence the very particles lightly settled upon the top of its 
preceding deposit are carried away. The deposit is on suffierance to the 
rate of water flowing over it. 

Having taken careftd levels on three lines after the bank was completed, 
the result, when plotted, confirmed the previous statement. The most 
prominent result, and that which actuated him to investigate the matter 
more closely, was that on the line e, f, a good depth of material had scoured 
away in the form of a wedge the thin end at e, where the bank could not 
practically afi'ect the land. The same result shewed itsdf on the line g, h, 
but not to such an extent, and on the line^', instead of new deposit where 
there ought to have been at least 1 ft of new warp, an average of 4 in. in 
depth was washed away, the ultimate result was that small cradge banks 
had to be run out at right angles from the inner slope to preyent small slips 
that had occurred, and small holes repaired with clay and made even with 
original slope again. 

It is very necessary in carrying forward such a work to keep the " floor 
pits^ as distant as possible from the *^toe " of the slopes, of course the nearer 
the less cost per floor, as the barrow roads have a less 'Head." By 
excavating too near only draws the ebb water to the bank and forms a 
permanent channel for the ingress and egress of the tides. If the pits are 
3 ft. deep at the total length of the bank, they must of course tend to form 
flat rivers each side, and as the work pnjceeds seawards great difficulty is 
occasioned. The last water drawing into the made river is carried along 
by its fall and rushes round the end, and scours the original surface; it is, 
therefore, very necessary to make an apron of good clay, driving it forward 
as the bank works are pushed forward, 1 ft. deep the entire length and width 
of the bank, which will meet the rush of water in the flood and ebb tides. 

The author has seen a bank of this description constructed a mile long, 
with its progress day by day meeting with increased resistance as it is 
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reased in length, shewing as it gets to the lower ground the compound 
Sculties it has to encounter. Small riyyleta for (be firit 1 mUe will form 
end, liimaifliagai m«ii^ btm ( ttHriliiit ftl» 0IMtep/«iid 

mg these np increases the cost considerably, until tlie sea, with its nasal 
ermined character, made a breach at the end of unusual dimensions, jvat 

show we were infringing. 

If it were required for the bank* just described to be carried fonrard 
iltar mSIm, limtm muMMmm'Um eoncivnetloit mrjr jnd ftunmiL 

r the first 20 chains, a layer of clay In the front as an apron, 1 ft. 6 in. 
ip, with flags if possible ; if not, with the best clay conveyed to the spot 
flat bottom barges, and discharged at high water, trimmed when the 
ter had left This mat^al costs mace than the hearting — twice as 

t«r ^teA^ant ri^fi^ lte i^^ flito eli^ apon onglit 

be in advance about 3 chaiQl. Frodeedhig from 20 to 40 chains, the 

ne care should be taken, but increasing tlie clay to 2 ft. in depth. From 
to 60 chains, 2 ft. deep of clay, covered with temporarj^ fascining, i e., 
sot or tarn buabes slaM i^miOitfa^ Hsl kllni w»li tbehaok, 

at cm and exmSaaliim'mr^MmSlSmA ^bMmmti di^ m 1^ tills 
le considerable difficulttes win arise. The last 20 diatns compioliBg 
le would require a very strong apron, at least 5 chains in leaHf^' tlli 
out 20 feet beyond each side of the toe of slopes. This pushed ifirwwd 
th 2 ft. 6 in. of claf sods, or the yeiy best clajr, iltbe aodft cwaaol he got, 
rered with compMi fM^ne^-wnrk made «a w«ll iw^lbr • itope prateetMOt 
» iMsi dtt file Wimtmt m of dimdi stone packed as eloself aa p&fh 
I*. ' -^E%it doil% tiki ilaid hearting work may proceed seawards. Eveiy 
le the rising tide fxWB^ the works proceeding, the navvies should be 
ployed the last thhig in trimming the end slope with clay up to high 
Iter Une, and wbea.<«»airaeiiced again this day may be 1^ and indaded 
hear^g. HcfT lUMfiti^ liie apron. Tli6 tamporarf fiMte^ atalaai, and 
iders, with the stones on top, may be removed and re-used for the same 
rpose, only leaving the clay to make up as part of the sectional area, 
hen the mile is finished, the apron, with the stone on top, should he made 
out 2 dudns len^r at the end of the bank, and left to keep the toe of 
t6-iaft -aiMlit||iliil»'>il ipl^ltevfiHirBe ma th«l «i9 mSm ilm UaSk 
»iilP>ii»iffWft(liifi^li<)i mm dIfficeltieB ym&it theoiadvei, eren if tb« 
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low water line may be 10 miles distant, and the taU. in the ground does not 
exceed 12 inches the mile. The back water held up by the greatest length 
of bank produces the greatest rash of water round the end. If these banks 
can be made pointing as near as possible to the directicm of tide, it would 
save much trouble and cost 

KuBsiNO OR Warping up Bank. 

The sectiimal area is simple, buAt about 5 feet in hdght above the 
original ground. The hearting of sand, covered with day, then fasdning, 
and, lastly, stones on the top, made round so that the sea can pass gently 
over it when arriving at the top. (See Drawing No. 6). In every respect, 
with one exception, do the preceding remarks relating to the ahdter and 
nursing bank, with reference to the laying up of **warp,'' apply in this case. 
Bdng only a few feet fifom the sand, the sea every tide covers it, and when 
rising falls over the top, not if there is a good £fill in the land it is built 
upon. This rushing over is objectionable for its maintenance, causing holes 
and slips on the inner side. Carefol consideration on Uus subject leads the 
author to the conclusion of little profits arising from making these banks, 
and whatever benefits may accrue unknown to himself, they cannot be made 
to produce one-tenth of their cost, and he has no hesitation in condemning 
them as unnecessary. 

An improvement might condst in constructing impenneable shallow 
enclosure banks to receive the water every tide, and to leave the enclosed 
portion to fall when it had receded. Let the bank be made 4 to 5 ft high 
above the ground. The water docked up remaining i^l, and the alluvial 
matter suspended, would settle, and by the time the next tide came, bringing 
its fresh supply, the water remaining would be displaced or intermixed with 
the larger supply, would leave an entire basin to do its work again in the 
process of raising the land ultimately to the level of top of cradge bank. 
By these means, all scour is avoided, and a good time is given for each 
periodical supply to get rid of all the alluvial soil it contains. 

Guide or Channel Banks 
are very difficult to construct owing to their being entirely submerged at 
high water, and, besides, can only be constructed at low water ; owing 
to this the cost is considerably increased as the men must be paid 
by the tide. Although recommending clay sods they cannot always 
be obtained jdentifully, as the marsh lands in the vicinity of an estuary 
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bdong generally to priyate individuals. If they can be procured no material 
is preferable for the hearting, no material (coming next to stone) resists the 
rush of water so well ; beades wh^ cast in they will, when trimmed, stand 
at a steeper slope than ordmary clay, indeed ordinary clay, if not of a very 
tight description, will run away into a fiat slope, and any other lighter 
material than clay, such as warp, silt, &c., ought not to be used, althou^ 
it may seem at the onset cheap, but when the bank is proceeded with any 
height a gap would soon form, and cover in a short time the extra cost of 
the sods in the first place. 

On works of this kind, where so much risk is to be apprehended, it is, no 
doubt, advisable to adopt strength at first ; also, it will be seen, that the cost 
of maintenance is decreased after completion by making the work substantial 
at first. 

Referring to Drawing No. 6, it would be well to make the hearting of sods 
on the very best clay, and with this material a slope of i to 1 when cast in 
and above low water line the work may proceed in a better manner, i 
properly trimmed, carrying up at the same time 1 ft. of clay sods jammed 
together and the stone protection may rise also. 

Tlie toe of the slopes would be of loose stones cast in as carefully as 
possible to line of bank, domg this tends to form a stay for the soft material 
inside and to keep it in place. Between the clay sods and the stones a layer 
of loose straw is laid, upon which the stones can be packed. This straw is to 
prevent the stones sinking into the clay and forming an uneven sur&ce on 
the slope. 

There are two methods of commencing this work, first, by boats casting 
in the material at any point in line of proposed bank and raising it bodily ; 
but great objections arise to this system on account of raising so great an 
area at one time, and hence it will be seen, an irregular surface would but 
encourage the tides (continually passing backwards and forwards) in forming 
gaps through the new material to the seat of the bank, and that bemg 
generally of sand is soon scoured away. Now it would not be proper to 
raise any portion of the work until the gap had been repaired, as the higher 
the bank the greater head of water held up, and hence the scour and the gap 
become larger. The second system would be to take a length, say 3 to 4 
chains, and raise such length horizontally, and when above low water line to 
commence the next length, always casting in about 2 ft. of clay forward of 
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coming bank to meet the extra rate round the end. As the bank 
lengthened, the top being aboat 4 ft. wide, a small tramway carrying one 
yard waggons might be used to conrey straw, clay sods, and even stones, 
to facilitate its progress, and being the highest point could work up to 
the latest time the tide would allow. 

The author saw the advancement of such a bank from day to day. Befbre 
this it had been raised on an average 2 ft. above low water line by large 
stones and loose day, deposited by large hopper barges carrying 80 to 40 
yards each, and at low water the longitudinal surface presented a very 
jagged appearance with several gaps, one of which was very large. Nothing 
else could be anticipated by proceeding with the work in this manner, the 
irregular surfSeu^ and more especially the stones, presenting great obstacles 
to the progress of the work. 

On top of this uneven surface the work was commenced, sometimes with 
clay, but chiefly with sods, all this material brought by flat bottomed barges 
cast on and trimmed to a slope with a horizontal top about 6 ft. above low 
^ater. This bank, at such a height, is but the commencement of a larger 
one, for the purpose of continuing the cut of the estuary, and to form, 
ultimately, a bank for enclosure of land. These matters depend, of course, 
on the first designs. 

The position of this guMe-bank renders it, when complete, In danger of 
having a breach cut through it, owing to the great area of back water held up, 
and this at last ebbing out always around the end when below the level of 
top> leaving a basin on the inner side ; the flood tide again coming in at 
the outer ^de and pouring over, causing a fall and running down the inner 
slope. 

But the protective materials bemg of the best quality, as already men- 
tioned, damage has not yet taken place. 

These banks constructed to guide the tide into the channel, and to dis- 
charge the descending tide through the low sands, the river slope is also 
subject to the full rate of the tide. Consequently, it is important that a 
good toe of loose stones and firm material underneath should be used. 

At the commencement of this work, several breaches existed, one of which 
exceeded greatly the others. It was 460 feet long, and 24 feet sounding at 
low water. The tides rushed through with great velocity ; and while the 
spring tides existed, it was almost impossible for a boat to pass along the 



sr sAde wtaujuit Mj^f tbtongh. To fill 0^ itp» tad eemflllttito 

c evenly with the other portion, was rather a formidable undertaking, 
ms considered by professional men a difficult .work, but it was done 
tually and completely. 

Hie bottom of this large w«s oompoted wtirely of sand. Tftrions 

iIms heesk Iwtt cm way, ^t of casting in indiscriminatdy all sorts of 
aial at any point (sometimes to be carried away again), without system 
efined quantity. Let us see the result of this plan. It is a sandy 
>m, and the area of gap gait doe to the qiiAatity and rate of water 

*T bdog fltronger to meet the eamnt, femahis; the ndioiial 

to reduced, bnt the rate and qiumtity of water the same, the sand being 
weakest, and at the mercy of the water, must be displaced, and practi- 
as ^much in quantity as the day tipped in. This is very likely to 
r at the toa «l fba oby mslKial^ mmqamc^ it tballt 8%% 

micy nam mfftkut hok where the sand U takiai awi^« Pmidad mrm 
1^ ^ay ia nted U a good height, there wdtdd be y«ry Tittle chance of 
maining in such a breach as the one in question. The material ]\'quires 
ing together to form one entire consolidated body. This has been 
tnpliahed 1^ tiie syrtem of cradle Mdaagf and he would now eadeayonr 
E^plaintheai^ ii|«itiitt»'^^ . I 

'A feUoeiit^ lib Oka^g^HifrftfM credit is due to Mr. Mfiller, a geotle- 

who had the management of the works, for his indefatigable exertions 
ringing the system of cradle sinking, in the filling up of gaps, to perfec- 
ia this country. About 35 of these were sunk in different parts of the 
m^ wmd not mlailiu» lotlji^lB^fiM in the whole. This part of the 
t is a' l>iii«ar liig{aMii|vi^^ shout twci fmm and its 
ess is entirely owing to the exertions of this gentalSiB* 

a cradle so large as the breach could not be worked effectively, it 
necessary to give the bottom a coating of clay sods. This waa done all 

with a good width, and idfo a good depth ; instead, thereforei of a 
^"boltoili, It 'thmwmiibBei'l^^iste^A marsh aods. - Before descilbhig the 
ations of sinking, it will be necessary to detail the materials and con- 
ction of the cradles. The first one used, and the largest, was 150 feet 
^4friiitl|fd«^Wii aMt^fltti handled worfcrnen were engaged in the 
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sinking. The whole of it was made of fascines, stakes, and binders. The 
fascines before described, 7 ft 6 in. long, were lapped and intersected into 
one another to form a rope of about 6 inches in diameter, the intersected 
parts bound strongly together with osier twigs. This rope, made of birch 
(willows being preferable), was numufEustured on a raised rack made of two 
uprights and a horizontal bar to rest the rope on, so that the workmen may 
get thdr arms underneath for binding them together. A sufficient number 
of these ropes is all the preliminary work before commencing to construct 
the cradle. 

A fiat of sand in the vicinity of the gap was chosen, and at such a height 
that the tide will fioat the cradle when complete. 

Transverse ropes of fosdnes were laid about 8 feet apart on top of these 
longitudinally, and the same distance apart at right angles, the same thick- 
ness of rope ; all these were &stened at their crossings by cheap hempen 
rope. This properiy done, three layers of loose fSEUcines, breaking joints with 
one another. On top of these loose foscines (see drawing), precisely the 
same as the underneath two layers were repeated, but reversed, t. e., the 
transverse ropes on top, making in all four depths of ropes and three layers 
of loose fascines. Again, on the top of these, in various divisions on plan, 
binders were staked down, making it as rigid as possible. Besides this, 
several mooring posts were made of stakes, the stakes coming out at the 
bottom, and giving a jagged surface to bite into the clay. 

When manufactured, and the spot where It was to be sunk properiy 
beaconed out, the fioating and mooring was the next object. This was 
accomplished slowly by anchors. Boats carried them at a distance, and 
dropped them, and they were then hauled upon, to be repeated again until 
it was brought into the exact position. This was a short time before high 
water. The fiat-bottomed barges, loaded with sods and stones, followed in 
the rear. About eighteen of these, and three lighters of dunch stone, sur- 
round the cradle, and care was taken that they were moored or anchored 
independently of the cradle. 

Slip ropes from each of the barges were passed through small ropes, with 
smooth iron thimbles, attached to the edges of the cradle, and brought up 
again with a slip knot. After this, orders were given to cast in the sods 
and a few stones as evenly as possible, so as to prevent distortion. This 
was to be feared, and great care was to be taken in evenly distributing the 
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I cli8Ciifttg« «l ibib aaft jIDM M fvpceeded inlll jilfliti tftii fcii MiW 

snrfoce, and at iMft HaM tb« fieet of barg«8 take itrnlii,* and tlM 

He is prevented fitsn ifaiiEiOg ^ the ropes. At this time, it was neces- 
' to let go, and tbe tewlBf dwwa the cradle in that poaition. To do 

eiVectually, all Ihfl fopfli miiit be nkaaecl dmottaaMdlft bgr • fg§* 
isly syeteoM^ aiiw^mni MBog tht irateiA^ jbr U wffl be jM«i 
t any mSM^ m thb seen on the part of one man tti Defecting to 
aaa at the proper time, the strain on the one or two ropes would tend to 
pie over and crumple up the flat sinking bulk, that ought to sink hori- 
taltjr. Nothing of this kind occurred. When the order was giveni the 
M wm fdeased, the biqpi» lyhea^^, and the emdii iMl diom«i«ia» 
polity. Inniaediatety m fttpm^m^^hfrnS, irmk all poaible sjieed aodi 

stones, and iiartictdarly the larger pieces of clunch stones, were cast hi, 
that whatever tendency the cradle might liave to collapse, the large 
intity of material contained in the twenty-one barges, delivered by about 
) huBdred workmai, wwM pfsf eat angrthmg of the kind, and the extm 
ttiMeff dieehai^ed^iliiit^^ ISlIt Je^ oMfieil 

) and a half hours, and took about 170 cube yaida of aods and 130 Um$ 
diff stone, and cost about £170. 

Mr> MMhr aWiWwt with the antiior atotte |imle»lj<» % 

» sAopee mi more efl^ettve than a weoden one under certain circumflaiioea, 
t it did not follow that it should be always used in preference. For 
tance, a wooden protection will allow a steeper slope than a stone one, 
ft It ia a qae^on whether a steep alope does not possess some advantages 
ir a iai mti0IMimi9i$miik.^^ikmttik'm^t ^ §^ m»^M i09 meb 
poaed Ibv a flagglsg |feileelleii) and not esong^ fbr a atone protection, 
often happens that, after the construction of the banks, the land in front 

II silt up. A wooden protection may be renewed twice for the same cost 
the first outlay for a stone one, thus rendering in some cases the wooden 

Vfw mm flnfc galeidB olllKbdiiliQp ili^iMe fiw^, and at^ veisr 
bin ii ^mmiit and oottl^ t» eiiili ■ wliili nwnd li usually mm eai% 
lib ^ 4«t eOimlxiia mhm Hie w9^mi»ikm are smdt 
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he therefore thought wooden protections were the cheapest, and neartj 
always to be preferred. He did not agree with the author respecting the 
nvrsing hanks, bat ooosidered, where they were sore to be of service, they 
should not be raised more than 12 or 15 inches above the snrrounding lev^» 
The principle of sinking cradles to fill up holes he considered the best^ how- 
ever expensive they might be. 

Mr. Bryant suggested an upright bank, constructed with a double row 
of short piles, wiA transverse bracings as a sea walL The system of cradle 
sinking he considered very expensive, and thought the ordinary method of 
throwing in the stones might be adopted at a much less cost 

Mr. Thorn prefBrred a flat dope, and thought a good sea wall might be 
eonstructed with large masses of concrete, formed of rubble stone cemoited 
together, and placed on a firm foundation. 

Mr. Miiller said a stone protection was used largely in Holland, but 
differed from the mode proposed by the author, the slope of the bank being 
ftirmed with day 12 to 18 in. deep, then two courses of brL<^S} covered by 
S or 10 in. of brickbats, and upon these 12 to 18 in. of stone, usually 
Bagolt, from Norway. In loading the cradles with stones, &c» it was 
impossible, in strong currents, to keep the boats in phuwi rsquifed so aa 
to load the cradles uniformly; but the cradles, being flexible, adsfjtfed 
themselves to the form of the ground they were sunk on, and the tide levels 
the stones between the wattles. Each cradle is about 3 feet high, and costs 
7s. to 8s. per cube yard. 

Mr. Morris thought holes could be as eatfly filled with day, &e., thrown 
fhmi barges, as by the more expensive mode of the cradles. 

Mr. Louch described a method he had seen adopted for making a aea 
bank at the Sunderiand docks. The earth that was excavated was thrown 
over towards the sea, thus reclaiming ground ; groins about a quarter of a 
mile long, made carefully of stone work, were thrown out, and the tide 
washed against them, causing a quantity of silt,^ &c., to be constantly 
collected by them, thus reclaiming many acres of land. 

Mr. C. L. Light said, that one of the most important considerations i|i 
the reclaiming of land and the construction of embankments, was economy. 
It was quite possible to construct sea-walls and embankments of every 
khs^ M in an iKidk fMxni^ tile ^spttia I«ia:lttigiiilligii0lil>ifl|iriy|liii 
9^ jffibiild hav« Hionght it w«ii1d ht^Blms^a!hMIM^tmt^i^0mmm0 
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; Dutch methods. With regard to Mr. Thorn's suggestion it, of course, 
juite possible to fill his boxes with concrete manufactured on the spot, 
ts great expense would entirely preclude any such plan being adopted — 
;ost would be enormous. As regarded sea banks, he did not think it 
able, where there were heavy tides, or where there was the action of 
g seas, to make them of a greater degree of steepness than shewn in 
iagrams. The sea walls on the Dublin and Kingstown Railway had 
blocks of masonry built in like a wave-line, and although expensive, 
most desirable character. He thought the best materials for the con- 
tion of these banks was chalk, where obtainable. He had heard of a 
od which he thought to be very practicable, the proposition was to sink 
ravitation a mass of masonry built on a timber platform. Although 
uld be very expensive there was no doubt it would be very effectuaJ 
^-ery durable. 

tr. Olander, in reply, said he could not agree with Mr, MuUer, that a 
slope would stand the action of the sea better than a flat slope. The 
rience he had had in these matters fully confirmed his opinion in favour 
le latter. Without theorising the question it seemed clear to him that 
ep slope must be more effected by the rush of water, and consequently 
;er risk incurred to the face of the slope. With regard to the fascine- 
: he had, and always should, consider it but a temporary protection ; 
although to a certain extent the stone is aflfected by severe frost, still 
so much as to render it an inefficient, permanent work. Then, again, 
nportant c(msideration is, that its cost but slightly exceeds the fascine- 
one being permanent, the other temporary. He still maintained his 
ion in reference to the uselessness of " nursing banks," that if adopted 
should not be more than 5ft. high, but he thought 2ft. or 3ft. piiefer- 
He thought Mr. Bryant's suggestion for filling up gaps by casting 
rge stones could not well be adopted, and without other material com- 
i next to impossible. The large atones in the bottom of a gap cora- 
i of sandy soil, would displace as much as is due to the increased scour. 
Thorn's suggestion for a box to be filled with stones is only an exaggera- 
of that proposed by Mr. Bryant ; such a box would be as compact and 
as much resistance as a stone of the same size. The great desideratum 
'cradle sinking" was to produce a compact consolidated body, tied 
ther by the tenacity of the clay sods, and all the materials into the 

D 2 
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IntersU^eB of the cradle itaelf. In tbe firat pUod a thin layer of clay must 
be deposited all oyer the bottom surfiM^ to prevent aeoor. A gap might be 
filled up with clay aodf, but he thought Cradles the beet and cheapest 
The area of a gap is due to the rate of water passing through it, depend^ 
Ing also upon the nature of the soiL By reducing the sectional area the 
jrate is increased, and consequently the scour. Means and proper material 
annst be found to meet this-cnr the gap cannot be filled up. 

The Chairman in closing the discussion said, he thought the use of stone 
or wood for aea-walls would mainly depend upon local circumstances and 
the cost of the materials on the spot 
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February 3rd, 1862. 
J. AMOS IN THB Chaik. 
ON THE ACTION OF PEATY WATER ON A BOILER. 
By E. Rtlkt. 

The aathor offered some remarks upon the action of a peaty water upon 
a boiler, hoping that it might elicit a diacussion on the important sobject of 
the action of various waters upon boilers. 

In 1854, his attention was directed to a boUer belonging to a monntahi 
coHieiy engine in Sooth Wales. This boiler bad been placed in ntu in 
1849, and was made with 9-16 Staifordshhre plates. From the time of its 
erection, it hjul been noticed that when the boiler was cleaned out, or when 
the gauge cocks were tried, that the water was' always coloured red, to such 
an extent tliat, in the latter case, all objects near the cocks were coyered 
with a red rncmstation of oxide of iron. 

The water for the rapply of the boiler was drawn from a pond, which 
collected the water running from the adjacent mountains. The water was 
tmbid and dirty. A sample of it was analysed, and gave the following 
results: — 

CompoMon per Imperial OaUon, 

Gms. 



Silica *405 

Peroxide of iron '240 

Sulphate of iron * '201 

Alumina '126 

Phosphate ot lime 127 

Sulphate of lime '350 

Sulphate of magnesia '360 

Alkaline chlorides '487 

Sulphate of soda '258 



2-554 

Traces of copper, and a large quantity of peaty matter^ 
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On looking at the analysis, the following points may be observed: First, 
as regards the amount of silica, alnmina, and iron, it is evident, from the 
turbidity of the water analysed, a large portion of these ingredients are 
held in suspension as day. As regards the iron, a ctrtain amount exists as 
peroxide, and is held in solution by the peaty matter present. 

The other portion exists as sulphate of iron (green vitriol), and is fbtmed 
by the oxidation of iron pyrytes in the peat The trace of copper is also 
derived from the oxidation of copper pyrytes ; the quantity of tins is, how- 
ever, very minute. It could only be detected by evaporating to dryness 
one gallon of the water. 

The deposit in the boiler in a semi-liquid state was examined. It con- 
sisted chiefly of oxide of iron, with a very appreciable amount of copper, 
and the other salts in the water in a concentrated state. 

After the boiler was cleaned out, a minute inspection of it was made. 
It was found that, commencing from the water line to the bottom, the 
boiler was considerably acted upon, more eq;>eeiaUy at the bottom, the 
action decreasmg upwards in wavy lines. The piece of plate exhibited is 
from the bottom, and it will be seen that there are holes completely through 
it, from 3-16ths to 1-1 6th of an inch in diameter, and it seems remarkable 
that a boiler could work at a pressure of 60 lbs. with such a plate, or that 
it would hold the water. In the inside of the boiler, however, were found 
small rounded pieces of shale and coal, whidi were forced into the holes ; 
and although the boiler leaked, yet it could be worked. Amongst the 
deposit was also found small thin scales of metallic copper, some nearly 
one-eighth of an inch in diameter; and also pieces of oxide of iron, with a 
small scale of metallic copper in the centre. 

The action of the water on the boiler may be attributed — Firstiy, to the 
action of the minute quantity of sulphate of copper, which is immediately 
decomposed by the iron metallic copper being deposited, and an equivalent 
quantity of iron dissolved. Secondly, to the sulphate of iron, which is soon 
decomposed into a basic sulphate with the liberation of free sulphuric add ; 
this action is much fieudlitated by the small particles of metallic copper, 
which form a galvanic circuit vrith the iron. Thirdly, to the laige amount 
of peaty matter which contains organic adds — ^the action of the acids being 
facilitated by the galvanic action set up between the iron and copper. 

The best method to preserve the boiler would undoubtedly be to use, for 



47 

% tiine, a hucdwMUg, and allow tha boQir U seale; or, if a haid water oould 
not ba oonyeaiaiiUj obtained, tp 9M dudls or lime, aod sulphate of lime, ea 
as to obtain an artificial scgbu The action of the above water is chiefly due 
to its bdng so pure, aodive from lime salts; whereas, if the boiler scaled a 
little, the above watar «aight be used. 

These renaiiaB were suggested, but the boiler belonging to a large eom^ 
pan/, HLwrn re^aced, and the action is going on in the new boiler at the 
fmmaei time. 

Hie author concluded by stathig that he thou^ it questionable if pure 
waters were well adapted for steam boilers. He considered that a snaQ 
amount of lime salts were beneficial, as they were deposited on the iron, and 
preserved it ; but when they existed to a large amount, they were of course 
veiy pr^fudidaL If possible, it would be advantageous to use a hard water 
fiMT a time, then to use a soft water. 

Discusaioir. 

Mr. Waller asked for information regarding the best means to be adopted 
for removing or preventing the deposit in boilers. 

Mr. Greaves considered the subject to be one of the most important that 
could be brought before the Sodety. He believed that boUers constructed 
with a proper circulation for the water, that is, where a proper diculation 
of the water could be kept up, would only be afiected with a very sHght 
incrustation. He had 25 years ago constructed a small circular boiler, with 
water tubes, the first made in this country. Between the fire-box and the 
outer case was placed a piece of sheet iron around the fire-box and the 
tubes, by which means he found tlie circulation was so completely 
established, that when the boiler was pulled to pieces after being in use 
12 yeaiB the fire-box was scarcely coated, and it was evident that the 
slight incrustation that was found was of a recent formation. Some time ago 
it had occurred to him that if the fire-box was corrugated, whether of copper 
or iron, there would be a certain expansion and contraction of the metals 
which would crack the incrustation as it occurred. This could be proved 
with a piece of cardboard covered with lime, by which it would be seen 
what a very slight contraction or expansion would crack the lime. He had 
found this plan answer weD, and the boilers when examined, the incrustation 
was very slight. He was fully satisfied that a perfect circulation of the 
water in boilers would materially prevent incrustation. 
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Mr. Morris thoogtit aometbijig more Uum a perfiset «lieii]atioa of water 
was required to prevent deporits in boOers. He had nerer seen the iron 
corroded, bat was weD acquainted with deposits of carbonate and solpbate 
of lime, but had not foond them to have any efiect upon the iron 
nnless they were allowed to accnmolate very moch, when,, of course, the 
boiler would be burnt by the fire. 

There is considerable difficulty in removing these deposits, which form a 
hard scale which adheres veiy tenaciously to the iron, to prevent this 
incrustation he had tried many remedies; but used "Buckingham's 
Composition,** which was found to answer welL The bdler required to be 
cleaned out every six months, when a brown mod was found at the 
bottom, which was eamly removed. 

In a small high pressure boiler he had managed to dq>rive the water o^ 
its earthy carbonates by admitting a very small jet. of cold water into tiie 
exhaust pipe of the engine, where, min gl in g with the waste steam, it 
condensed a portion of it, whilst the steam, by raising the water to boiling 
heat, drove off the free carbonic acid, and the neutral carbonates were 
thrown down on the sides of the pipe (which was made large enough to 
allow it to accumulate), the water then ran down into a tank, whence it 
was pumped into the boiler at a temperature of about 200 degrees; added 
to this, the partial condensation of the waste steam reduced the back 
pressure on the piston, and the result was a saving of half the fuel, and the 
boiler remained quite free from incrustation. 

Mr. Louch expressed bis opinion, that, in many cases where corrosion 
had taken place in boilers where surface condensers were used, were due to 
small particles of the copper or brass from the tubes of the condenser, being 
carried into the boiler, and not, as was generally believed, to a galvanic 
action having its origin in the condenser. He recommended that great care 
should be taken, in fixing surfiice condensers, that all filings and other 
loose particles of the tubes should be entirely removed. He also re- 
commended that, in cas^ where the water formed a rapid incrustation, it 
should be submitted to chemical analysis, and the proper antidote could 
then be selected — it being absurd to imagine that one description of boiler 
fluid, or other scale preventer, could be applicable to all cases. 

Mr. F. Toung said the owners of steam boilers had a difSculty in judging 
the quality of the water used for their boilers. This difficulty could be 
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«toi(ted hy the 1i8« of a amidltiOcktit apparatosr invented by Mr. DAOcbell, of 
Red Lion Square, wlileh contained tests for all combinations of water. As 
regarded the compoations recommended for prerenting incrustation, lie 
thonglit the renMdiee worse tlum tlie disease. He was of opinion that 
rapid drcnlatioii would prevent incmstation; and if reference was made to 
a paper read before the Institution of Mechanical Eogineera, on Benson's 
iKMkr, when worked with salt water, at high prefsnres it would be found there 
was no incrustation at all, which was attributed to the rapid circulation of 
the water. 

Mr. 6. M. Smith dted an instance of a well producing almost pure 
water. It contained an alkali, but no lime — with which a boiler liad been 
supplied lor twenty-three years, without any incrustation being formed, or 
any iq»parent wear having taken place. The boiler was cleaned by simply 
brushing it with a broom. But another well was sunk, within half a mile, 
that contahied so much carbonate of lime that an incrustation was formed 
in a few weeks. The wells were sunk through the London clay into the 
chalk. 

Mr. Hendry had noticed in Wales, espedally in Swansea, that the water 
was impregnated with copper, and, consequently, Uie wrought-iron pipes 
would not stand. He had seen a very simple remedy for prev^ting in- 
crustation, viz., placmg in the boiler logs of oak. about two feet long, with 
the bark on, which kept the boiler perfectly dean. He had never heard of 
any good result bemg ^ected by the use of the different fluids sold for 
preventing incrustation. 

Mr. B. M. Christie stated that great damage might be done to boilers 
by the disposition of the water feed pipe, and the steam supply, and blow 
off pipes. By placmg the water feed over the furnace, a deposit would 
undoubtedly be much sooner formed at the worst possible position, to the 
certain injury of the boiler. He considered the supply of water should be 
introduced at the back of the boiler, and the blow off pipe placed in the 
front, and thereby obtain proper circulation. He objected to the nae of 
acids, as serious damage to the iron might be the result 

Mr. B. D. Kershaw said one of the London water companies put pieces 
of oak into their boilers, which had the effect of reducing the carbonate of 
HniB to a kind of sludge, which fell to the bottom, and the deposit found 
Was very small This plan had been pursued for many years with perfect 
success. 
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Mr. Howsdn attributed the wfte e n In the me of oA logs doe to €bm 
gallic acid, which covered the iron wilftt a lort of black dime. 

Mr. F. C. Reynolds thought the remedy for the prevention of deposit in 
boDers might be classed under three heads : First, to prevent a general hard 
deposit being caked over the snrftioe of the boiler, which might fiequently be 
done by the introduction of seme chemical substance ; Secondly, the incrua- 
tation behig prevented, to remove the deposit from time to time ; a rapid 
circulation would be beneficial in preventing the deposited matters becoming 
caked hard, and they could then be blown off ; and. Thirdly, to use pure 
water, when it might be reasonably inferred that the deposit would be 
almost, if not entirely, prevented. 

BIr. Biley, in answer to the points raised during the diseusdon, Mai 
that the boiler was cleared out every six weeks, and that he fitite aftPiiiid 
that a good circulation of the water ^^js most adaaBtegseas. The ingre- 
dients in most waters are the sam^ JBMi ' d lfti only in their relative piopor- 
tions. The prindpal fWMtltwiiitH were iix€ carbonate and sulphate of Hme. 
Mahogany sawdust had been employed Yiith advantage to prevent incmata- 
tations in boilers, and it acted in twd waysf first, mechanically by form- 
ing so many small points for the carbonate and sulphate of lime to be de- 
posited on ; secondly, he thought that there was some peculiar action of the 
extractive matter in the wood. This would apply more particularly to oak, 
especially when green, in which state it was usually used. 

Chloride of ammonium (sal ammoniac) had been suggested and uaed 
This salt would convert the lime salts into soluble compounds, viz., sul- 
phate and carbonate of ammonia and chloride of calcium ; but its appli- 
cation had not been very successful practically, as it was found the sal 
ammoniac and ammoniacal salts acted on the brass work. As to the use of 
hydrochloric acid, he quite agreed that the remedy was worse than the 
disease, as it would require to be used with excessive caution, the compoei- 
tion of the water from heavy rains, &c., not being always the same. 

The Chairman in conclusion remarked, that in North Wales he had 
seen water perfectly green used in boilers, and oak sawdust was used in 
considerable quantities. Water too pure, however, was not, as a rule, to be 
preferred to water of an ordinary description. This he had seen instanced 
in the neighbourhood of Epsom, where water was difficult to be obtained, 
when nun water was used. These boilers were much more troublesome to 
keep clean than boilers supplied with water by the New River Company or 
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the East London Water Woiia Company. He considered the use of cor- 
rugated plates an excellent plan, as it carried oat the principle of expansion 
and contraction. They were used some years ago in marine boOers. As a 
general rule he thought locomotiye boilem less subject to incrustation than 
others, which might be attributed to the different qualities of water taken in 
during the journeys. 
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March 3rd, 1862. 
£. RILET IN THE Chaib. 
ON TRUSSED BEAMS. 
By W. Parsey. 

The construction of beams, girders, principals of roofii, arches, and other 
means of carrying roads, railways, canals, or other communications, over 
rivers and valleys, or for passing over or under roads, and for supporting 
loads under various circumstances, is a subject that requires a considerable 
amount of study by the engineer. 

It is intended to confine the subject of the present paper to truiued 
beams with straight members, as it is considered that the introduction of the 
arch, either supported by bracing or acting unassisted, should form the 
subject of an independent inquiry. The first object is to inquire into the 
fundamental principles, and then extend them, from the simplest form of 
trussed beam, to the more complicated trussed or lattice girder, and then to 
compare them with the solid web, box, or tube girder, as regards efficiency 
to carry the load, durability, fiicility of erection and repair, weight, and 
cost 

The com^forative efficiency of two beams may be measured by the working 
strain put upon the parts, and also by the amount of deflection with the 
required load* With box, plate, and trussed girders, the deflection varies 
as the square of the depth ; so that of two girders with the same work- 
ing strain in the top and bottom flanges, one may be much stifibr than the 
other if the depth is greater. The deflection is not, therefore, a measure of 
the strength of a girder, but it is a quality worth retaining, unless some 
other consideration should outweigh it 

Durability should not be lost sight of in any design, and in wroughl- 
iron girders, and roof principals, should be well considered. The great 
enemies to iron are oxidation and crystallisation, and ia mn^y cwm tiwy 
Ate ddng their work of destnic^oii vnootioed. 

There are many instances of ism plate and Hmm only \ or ^ in. thick 
left to rust, so that tlie sur^Mses aie gradually lieiilg eaten away ; aud 
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Uthoogfa the parts are donbtleis thidcer than absohitely neeetsary for 
strength, still there most be a limit, which may be reached some day, and 
lead to accident. 

But if the work be weD maiatained, and some of the parts cannot be 
got at to be protected by paint or other means, it may be exposed to the 
same eyik whidi would arise firom negligence. 

The first consideration, after determining the general character of a 
beam or tmss, is the amottni of load which it will have to sustain, and the 
way it will act on the parts. In the case of cast-iron beams or web plate 
girders of small span, it is costomaiy, and sometimes sufficient, to calculate 
the sectional area of the top and bottom flanges at the centre, for a load 
supposed to be equally distributed over the length of the span. The section 
of the top and bottom flanges are proportioned to the strain, according to 
the material of which the girder is to be constructed; and generally either 
the depth or area of the flanges are reduced from the centre towards the 
abutmoits, to economise material as £Eur as practicable. 

Bat a careful investigation of the effects of a rolling load on a girder 
will show that it is necessary to provide for its effect much sooner than was 
formeriy expected, as will be seen by reference to Fig. 1 A, which shows the 
strains for an ordinary girder 25 ft span. The strain at the centre, due to 
an equally distributed load of j ton per foot run, would be 83*48 ions, and 
at B, and C, it would be 23 tons. 

If the same girder were loaded at three points, A, B, C, which might 
be the position of the wheels of a large locomotive engine, the strains 
would be 40'2 tons at centre and 28*24 tons at B or G. 

The assumed load of } ton per foot distributed is equal to 9} tons a^ 
caitre, and was considered to be sufficient for any rolling load that might 
come on the girder ; but the load of 6 tons at the points, A, B, G, is possible 
by the largest class of express and tank engines ; and although the sum of 
the wdghts is less than the distributed load by | ton, the strains on the 
girder are much greater. 

If the effect of a distributed load be taken as the standard of compari- 
son for the strength of a girder, it will not matter of what form the truss- 
ing may be, for the total effect of the leverage due to the weight will be 
the same for the same span and mean depth of truss. 

Fig. 1, repi^eseHts a simple trussed beam ; and the relative length of the 
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lines D C, AD, A O, respectively represent the proportion wliich a qnarter of 
the distribnted load, the horizontal and diagonal strains bear to each others 
so that if A B, be 20ft| and 20 tons is distributed, then by the ibrmnla, 

^ ^ ^ ^ "^d' horizontal strain at centre. 

If the top member, A^B, be trossed, as shown bj Fig. 2, then it is evi- 
dent that for the same span and depth the horizontal strains will be exactly 
the same as in Fig. 1, for the weight is acting with precisely the same 
leverage. 

Bat if the distribnted load be collected at the points C and £ through 
which the load mnst. be transmitted to the tension bars A, D, F, B, then 
half the distribnted load, or a qnarter on C and a quarter on £, will not im>- 
dnce the same strain in the top and bottom members as before, because thqr 
are acting with less leverage ; and an assumed load must be taken to pro* 
duce the same horizontal strains as an equally distributed load. 

The point C is two-thirds of the distance, A O; and, therefore, if a wdght 
in an inverse ratio to the leverage be supposed to be acting, the horizontal 
strains will be the same as before ; therefore 7| tons at C, and 7^ tons at 
E, will be the required weights, and the total strains may be collected by 
first supposing the weight on C and then on E (See Fig. 8.) 

First let the weight, 7i ton% be on C, then 5 tons will be resting on A, 
and 24 tons cm B, and the h<nrizontal strain may be obtained by either 
multipl3ring two-thirds of the weight by one-tiiird of the length, or one- third 
of the weight by two-thirds of the length, and dividing by the depth. 

The effect of the weight resting on B will produce a horizontal strain 
equal to 8*33 tons in the contrary direction from B to E, and a similar 
strain will be produced by the stiffness of the bearer A B towards C, 
and so equilibria te the forces. If the other w^ght (7^ tons) be now placed 
on E. contrary strains will be produced, and the total horizontal strain of 
25 tons produced as before. 

Hg. 4 is a similar truss to Fig. 2, with the bars in the centre bay added, 
by which the strains will be conveyed uniformly to the top and bottom 
members, and will support a load at dther of the points C or £ with- 
out any tendency to alter its form, while the load is within the amount 
calculated for. 

The strains may be traced by referring to Figs. 4, 5, 6, and 7, which 



55 



Aow the flame tHuB with diil^Brettt conditlmifl of loid. In Fig. 4, th« 
loMl(l)i8<mO; then the strmiBs Ara» m ezprMNd» two-thirds bdog in A C| 
A D, «nd one-tbird in B S» B F, and D £. 

The load <m £ prodnoefl similar strains, as shown on F3g. ^ and when 
both loads are on the strains will be as on Fig. 6. Fig. 7 gives the strains 
in Urns for 20 ton distribnted load. 

The fcHiees as expressed in tvms of unity require to be reduced, so that 

if the weight is 74 tons as before the ^ ^ a25 tons horiaontal, and 
the tenison in the diagonal will be in proportion to its length, or 

^(6i) + (2 )^ 6.95 feet, and Zl2i^5L=. 26,0626 tons. The strain 

2 

on D E, or C I* = 8*687 tons. 

By the reasoning used for Figs. 4, ff, 6, a system is obtained for 
finding the strains upon any system of trussing by extending the operations, 
which become more complicated as the number of parts are increased, but 
the same general principles only need be employed. 

Before pniceeding with an example applied to a large girder it will be as 
well to see how far these principles can be applied to roof principals. Fig 8j 
k the strni^eat form of piiti|ial v ^ compared with Fig. 1, Which 

is the same form inverted, and if the span and weight be tha same the 
strams will be the similar, excepting that compresssion will be replaced by 
tenaon and vice versa, ' 

This construction is limited by the length of the rafter A C, C B, 
which must be iltiff enough as a beam to bear the weight of the roofing 
and the assumed load. 

In roof principals lightness and stiffness are very important features, 
and to make the rafters any considerable length without support would 
necessitate their being made heavy, and in fact would be opposed to the 
principle intended to be carried out, there is not however any particular 
length to be assigned at which the rafters should be supported by struts, 
because the span of the principal and other considerations niust be taken 
into account, but in almost all cases where an iron principal is employed the 
span is such as to require some trussing to the rafter. 

In the foregoing examples of trussed beams ; after tracing the strains 
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tlufongh the dUbrdnt members the same horizontal sfrahi has been obtained 
for similar spans, depths, and loads, althongh the arrangement of the struts, 
and ties are different ; but in roof principals of the form shown by fig. It 
the strains increase in the rafter and tie rod from the centre towards the 
ends or point of support. 

The force of a strong gale is about 40 lbs. to the superficial foot ; if 
therefore that force is supposed to act horizontally on a n>of sloping 2 to 1, 
H would be equal to 20 lbs. distributed on half the roof. In moderate 
spans the weight of the roofing is about 12 or 15 lbs. per superficial foot ; 
so that the weight of 40 lbs., which is generally adopted, is sufficient to 
provide for either force that may be acting. 

In this country we are sddom visited with a very considerable depth of 
snow, and the effect of wmd is perhaps the greatest force that will have to 
be resisted. . . - . 

There are however, various circumstances which must be considered 
according to the special conditions of each case. If a roof were required 
to be placed in open country^ and much exposed, it would be as well to 
provide for unequal strain, and it should not be forgotten that in some ia- 
stances the wind will lift instead of bear down. 

To return to the subject of strains : — let Fig. 9 be the principal of a 
roof 40 ft. span and 10 ft. apart, then 40ft x 40 lbs. x 10ft.= 16,000 lbs. 
for the distributed load on one principal ; the distributed wdgfat over £, C, F, 
may be treated separately from that on A E, and F B, and it will be just 
the same in effect as if E C, and C F, were two beams, each of 4,000 lbs. 
weight, leaning against each other. The weight on A E, would act with 
a leverage, which will be transmitted through the strut E D, and the 
king rod C D, and produces a strain, equal to half that due to the upper 
part C E, therefore the whole strain from G to E, will be 8,944 lbs., 
from £ to A, 13,440, in the strut E D, 4,472, and in the tie rod 
12,000. 

It win be observed that these strains are multiples of 4,000, with the 
addition for the angle in the inclined bars. 

The strain in the upper part of the rafter is in all trusses of this form 
equal to the effect of an equally distributed load upon a truss of the greatest 
depth, as C D, and an increase is due to each strut upon the tie rod an^ 
rafter in {nroportion to the weight upon it 
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The above example contains the general principle for flndiag the strains 
upon any stmilar-tnua, whether of two triangles as in Fig. 9, or of more as 
Fig. 11, the aame system only requires to be carried out ; it will be easf to 
percdve that the strains follow the same law, the strain at the top of the 
rafter is equal to the effect of half the distribnted load ; in this example 
the spMn is aseumed to be 80 ft., or doable the former, and the load to 
be 32,000 lbs. The additional strain due to the weight acUng through 
the struts is commenced at A, and the stram acting down the first stmt is 
added to the weight on the rafter above, and again carried down the second 
stmt, that is again added to the weight on the third stmt, and finally comes 
to the king rod. 

Fig. 10 is given to show the comparative strains in two trasses, one with 
and the other without a stmt, and it will be observed that the strains are 
less than for the similar truss, Fig 9. 

The stnun in C £, is equal to the strain in C A, and the strain in A £, is 
more by one-third than in G E, but the rafter G A, Fig. 10, is twice the length 
of A E, without support, and as it has to resist compression, it is weaker 
nearly in proportion to the square of the length, therefore it would require 
tAbe at least four times the sectional area to bear the same force unsupported. 
This reasoning is only approximate, for the laws regulating the strength of 
colunms is very difficult to apply to irregular forms, and there is no practical 
rule by which the exact strength of a piece of L or T iron can be ascertained ; 
it is well known that they are not the best forms to resist compression, but 
the various connections are the most important consideration under the 
circumstances. There is, however, a saving in the quantity of metal by 
applying the stmt E D, although the tie rod has to be increased one-hal^, 
and the strut E D, added. 

In the foregoing examples the tie rods have been horizontal, but they are 
generally cambered more or less, and the effect upon the stains is veiy marked. 
Fig. 12 is nmilar to Fig. 9, except the camber which is l-SOth of the span, 
so tiiat the depth of the truss is reduced 1 ft. 4 in , and all the strains are 
increased in a ratio due to the increased depth of the trass. The length of 
the main tie rod is increased, but the strats are shortened, and this is im- 
portant as they require to be trussed when of considerable length. 

Fig. 13 is a very good arrangement for small spans* The rafters are 
supported at the centre by a short strut, and all the long lines are in 
taidon. 
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Fig. 14 is a diagraift of a troBs stniilat in piiiMi(4^ to those in the roof 
of the Victoria Station, Pimlico ; it is preferable to the arraagement Fig, 11 ; 
the struts are at right aikgles to the rafter and are» therefore, the shortest 
possible. 

It is not, therefore, snrprising that engineers have directed their attentioa 
to the principles of tmssing, in the constniction of girders for canying 
railways or roads over large spans. Solid webbed gurders can be built as 
cheaply, np to about 60 ft. span, as tmssed or lattice girders, for although 
the latter coold be made lighter, the additional cost per ton in constmdaon 
would make them at least equal in cost, from 60 ft. to 100 ft., and under 
some circumstances 150 ft. span ; the relative advantages of one plan or 
the other fluctuates. 

There can be no doubt of the solidity and permanence of the solid web or 
bore girder, they are structures in which implicit confidence may be placed; 
if the iron is good and the pimching and riveting carefully done, and as 
these are matters that can be controlled and ascertained, there oan be no 
doubt about the attainment of the object by them, but as the span incieases 
the weight of the girders increase nearly in proportion to the square of the 
span, and, therefore, the structure is gradually approadring a weight by 
which it will be destroyed without any load, so that it becomes a matter of 
greater consequence, every foot that the span is increased, to reduce the 
Wright of the girder itselfl 

The strength of wrought-iron gurders increases in propordon to tiie 
depth, so that a beam twice the depth of anotiier is twice as strong, with 
the same sectional area of top and bottom flanges, and all that has to be 
added is the web or vertical connection between them; but in the solid 
webbed girder it is a considerable part of the weight, genendly exceeding, 
with the necessary stifiening, one-third of the whole. 

In the Britannia tube, the weight of the top is 450 tons, the bottom 
436 tons, the rides 398 tons, or rather less than one-third ; but this is less 
than can be arranged in ord&iary girders, because the top and bottom being 
formed with cells across the line, and connected to the aides, it is a stiffer 
form laterally than when two separate girders are employed. 

To double the depth of such ^rders necesritates an increase of some- 
thing more than one-third of thQ original wri^^t, and this object can be at- 
tained more economically by trqsring of various forms, of which the lattice, 
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Warren', and^ girden of the Boyne Viaduct afid Charing CroM Bridge form 
examples. 

The lattice girder is the first step from the solid Ireb } for if a number of 
lozenge-shaped holes were cut out of the web, leaving a series of bars 
crossing eacli other, the lattice girder would be practically given. 

In the Warren girder, erery member has a certain duty, and that only, 
to perform, excepting the diagonals at the centre, which have to bear 
tension and compression with unequal loading; but the amount is so small 
that it involves no difficulty. There is some advantage in these properties, 
because eve«y part can be designed of a form best suited to its work, and 
the strains can be calculated to the greatest nicety for permanent and 
rolling loads. 

It is usnal to assume the load to be collected at the angles formed by the 
diagonals, and the amount equal to a distributed load between the points. 

Fig. 15 shows a Warren girder 100 feet sj^n, and 10 feet deep. It is 
made with only five triangiet on the upper line for comparison with Figs. 
16, 17 and 18. If one-fifth of the lo4d (10 tons) is supposed to be act- 
ing on A, B, C, and D, its efi'ect will be the same as if it was dis- 
tributed half way on each nde of the point ; therefore, the effiect of each 
supposed weight can be taken singly, and the sum of all the strains in the 
diagonals, resolved into horizontal strains, will be the total at the centre^ 
on top and bottom members of the truss. 

It will be observed that theie is no strain with an eqnaHy distributed 
load on the centre diagonals, and also that the sum of the strains due to 
loads o^ ten tons on A, B, G, and D, is not equal to the effect of the 

.50 tons X 100 feet ^ 
equally distributed load ; that w, g ^ — - = 62-6 tons horizon- 
tal strain at centre; but the sum of the strains from weights on A, B, C, 
and D, is only sixty tons. This was to be expected, as each of the ten ton 
weights are acting at their centre of gravity, and the weight of half the bay 
next the abutments has not l>een taken into accofmt If the effect of that 
woight is put on the next pin, it will nu&e np 624 tons. 

The effect of a load brought on to the two pins on - either side oi the 
c^tre only, would cause a strain of three-fifths of ten tons in the centre 
^itgonals, whkh riasolved amount to 8'48i tons ; but fai aU the other bars, 
the strain would be less than with a fuU load. 

e2 
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It has been thoiigbt by some that the freight on the half of the last bay 
does not act on the truss, bat rests on the pin, and therefore should not be 
taken into aooount; bat it is evident, on reflection, that all the load between 
the points of support is acting. 

The strains upon such girders as those of the Boyne Yiaduct and 
Charing Cross Bridge are very similar to the last example, as 'will be seen 
by reference to Figs. 16, 17, and 18, which show a girder 100ft. span, lOft 
deep, with diagonals crossing each other at right angles. The strain due to 
100 tons distributed on such a girder would be 125 tons horizontal at 
centre, and the sum of the strains in the diagonals resolved is exactly equal. 
This girder might be divided into two. Figs. 17 and 18, each capable of 
supporting 50 tonn distributed, and the strains in the diagonals would be 
the same as the similar bars in Fig. 16. 

This construction (Fig 16) is preferable to the Warren for large spans, 
as the length of the struts is reduced by crossing the diagonal ties, and 
being connected to them. The size of the connecting pins or other connec- 
tions between the top, bottom^ and diagonals is also reduced, which is a 
great advantage in practice. 

Girders of this class can be constructed 1-lOth of the span deep with 
about one-third of the weight in the vertical web, and are, therefore, much 
more economical in weight than solid web or tube girders ; the workman- 
ship and construction requires more care and accuracy, and the cost per 
ton is, therefore, somewhat greater ; but for transport and erection abroad, 
where the cost of freight and sending skilled artisans to erect has to be 
added, the advantage will be with the trussed girder. 

Tliere has been reluctance on the part of some engineers to adopt 
trussed girders, and there are many, at the present time, who would not 
• employ them ; they are poin^ at as having foiled in some cases and been 
nnsatisfkotory in others ; but it must not be forgotten that many veiy 
satisfactory examples exist, and that an error in the proportion of the 
parts, which are all dependant on each other soon deranges them. The 
connecting pins in many girders have been made too small ; in some cases 
so as to have 10 tons per square inch on the bearing surface, which is nearly 
sufficient to indent the pin and upset the metal in the tension-bar. But if 
this does not actually take place, it is much too great a weight for parts 
that are frequently in motion. 
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There are many examples of these girders lately constructed which hare 
the advantage of being properly proportioned and well made, and a short 
time will set the question of th^ efficacy at rest 

DISCUSSION. 

Mr. H. P. Stephenson entered into the comparative merits of the Warren, 
the lattice, and the plate girder. He considered the Wairen girder an 
admirable form for easy carriage and rapid construction, but as the whole 
of the strength depended upon the strength of every dngle bar, he objected 
to the principle. The struts of the bridge in Joiner-street, erected on this 
principle, and which fkiled, were of cast iron. The large raflway bridge at 
Newark Dyke was also on this principle, the struts were also of cast iron, 
but the whole of the bridges lately constructed wereof wrought-iron, which was 
a great improvement He considered the lattice girder an improvement upon 
the Warren, because in that principle dependence was not so much placed upon 
sin^e bars or single joints, but, in his opinion, the plate girder was preferable 
to ^iher. Plate girders did not require such skilful workmen, and though they 
were more objectional in the way of carriage, yet he thought thdr greater 
amount of stiffness more than compensated for the cost of any extra transport 
that might be Incurred. 

Mr.. C. J. Light, in referring to some large Warren girders in course of 
construction at Messrs. Westwood, Baillie & Campbell^s works, for the 
Great Indian Peninsula Railway, said that the connecting pins were made of 
ordinary iron, steeled by Dodd's patent process to a depth of about I-16th of 
an inch on the finished pin, which gave the surface the necessary hardness 
for bearing the tension of the bars. It is a practical fact that there is no 
difficulty in obtaining for any number of bars, whether links or struts, an 
accuracy of 1-lOOths part of an inch irt the distance between the holes. 

Mr. Carrington said a lattice girder was a compound Warren girder, in 
which the diagonals cross each other, while in the Warren girder they did 
not He could not understand why a royalty should be paid on a girder 
with a single set of diagonals, any more than on a girder in which the 
diagonals cross each other. 

Mr. Ordish referred to the Charing Cross Bridge as being an excellent 
example of a Braced girder bridge. 

Mr. Parsey, in reply, stated he was not an advocate for using cast iron 
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for struts iu these bridges, nod if it was used U ytoM be of the utmost' 
impoftaaoe to test Uvem all. It was the opinion of a great many engineers, 
and among them the late Mjr. Rot>ert Sttphensont that a vrrought iron plate 
girder bridge was preferable to a trussed bridge, bat he had had considerable 
experience with Warren girder bridges, and did not find any difference in the 
results (Stained. He had seen a Warren girder bridge of 142 ft. span, 
tested with a distributed load of one ton per ft. run on each girder, which 
deflected 2^ in. With reference to the working strain put upon the parts of 
Warrer girders, it b usual to adt^t about the same amount as in ordinary 
plate gfirders, that being 4 and 5 tons for compression and tension respec- 
tively. The necessary accuracy in the workmanship, though apparently 
difficult to obtain, wats with the perfect machinery now at the engineer's 
disposal, easily effected, for the holes in a number of pins or struts could be 
bjred to within 1-lOOth of an inch, or less, of eacli other. 



Jjml 7th, 1862, 
£. RILEY IN TUK Chair. 
ON TRUSSED BEAMS. 
By W. Parsbt. 

ADJOURNED DISCUSSION. 

Mr. Parsey said during the discussion on his paper at the previous meet- 
ing some points were raised as to the comparative weights of the different 
girders; he then gave a few examples so as to afford stHne comparison 
between the absolute weight of the two girders, and also the deflection 
which would be due to them. 

For comparison he had taken a web plate girder of 60 feet long, and 
weighing eight tons ; the top, bottom, and middle of the flange weighed 
respectively as near as possible one-third of the whole weight. It was 
constructed for one of the Railways in India, and to bear a lighter load 
than the other girder. The ratio of the weight in the Warren girder was 
different to what it was in the plate girder, the top flange had generally 
been made heavier in proportion to the other parts to provide a coiain 
amount of stability ; in another case he had compared a Warren girder, 
of 142 feet 8|)an, weighing 35 Xons^ and a plate girder of the same span 



w«igbing 42 tbns^tbos it would mmd that the Warrea girder was boCh 
l^tar and eheaper. 

~ ne caleoUted dafleotioa of tbe Wamn girdar b 1^ iaoh, andttia plate 
giidcar in^ The actual deflection of about 16 Warren glidm was 

l^i^ TDtSi ; this fiiTonraUe retidt waa doe to the aoonracy of the wofk* 
ma&ahip, and to the area of the bearing stoftcee and connections baring 
been Tery much increaeed. 

Mr. Rtimble exhibited dHagrains of the CmmUn Viadoct, which waa on 
a curve ot 20 chains radius, and <mi an incline of 1 in 230, nearij 300 feet 
h^^ and about ono-third of a mOe in l«igth, its cost being about £47,000. 
The piers were composed of 14 cast-iron cdumns, 17 feet long, the metal 
three-quarters <^ an inch thick. The girders were tested at Crumlin, with. 
230 tons on the centre, the deflection was nearly two inches, after the girder 
had taken its own weight. 

Mr. C. J. Light exhibited a diagram of the tests of a Warren girder 
bridge, 142 feet span. The chief &ult of this bridge, and that seemed to 
be unavoidable, from the rails being carried over the centre <^ the main 
girders, was its narrowness. 

One of the links, 15 ft. 9 in. long, when tested, stretched 15 inches, 
aiid-thenr the hydraulic «ame hcnne, and consequently they could go' no 
farther. The pressure was then 21 tons to the square inch, and there was 
not the slightest mark of strain in the bar. Thore was a very remarlcable 
action at one particular point observed in testing these links. Wheix at a. 
strain of between 12 and 14 tons to tiie inch a sudden jump took place 
in the x>ermanettt set; experiments had been very carefiilly taken, and it 
was observed that up to between 12 and 14 tons, the permanent set was 
very trifling, sad the extension comparatively smaU, but the moment it 
passed thai point the extensiea became considerable, as did also the 
permanent set. 

Mr. Peny F. Nursey inquked wliether the tinks, when released 
returned to their original length, or how far they returned. 

Mir. Parsey said it had been fou^d that when a bar under tension had a 
certain amount of elasticity before it took a permanant set, that with an 
additional strahi of the same amount it had the same amount of elasticity 
as previous to tsking permanent set. 

' Wl^ regard to the extenafon of the iron, and particularly pKQving tl^^ 
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rales gjivm by Mr. Hodgkioaon and ottos, tbej had always found that the 
extension of the inm was nearty equal, with eqoal additions of weight up 
to the point nrhere it took iU permanent set It appeared donbtM whether 
there was any permanent set npon boa up to 10 tons to the inch. Those 
qoalities ot iron that showed permanent set easfly, were not always the 
worst. Mr. Tredgold had giren the point at which permanent set takes 
place, when the iron had taken an extension of 1-liOOth part of its 
length. This agreed with his experience, as he had test^ a bar 10 feet 
long with a strain of 10 tons per inch, which gave an extension of 1-lOth 
of an inch, eqoal to l-1200th part of its length. The bars always 
returned bade again without perceptible extension, and from that point 
began to extend in a greater degree, and continued to increase np to its 
breaking point 

Mr. Olrick said, that after a certain point the crystallizatbn of the iron 
was spoUed, but this point was rery difficult to find, unless the iron was 
cut to pieces and examined by means of a microscope, and a nnml>er of 
experiments made. 

The Chairman asked whether it was the practice to test all the bars to 
find the perman^t set 

Mr. G. J. Light stated the whole of the bars were tested with about 10 
tons to the square inch. 

The Chairman remarked that if the bars were tested ¥rith more than 10 
tons it would be likely to deteriorate the iron. 

Mr. Parsey had frequently tested the bars a second time and they did 
not appear to be injured ; they always took np the strain agam without 
extending so much as they did in the first instance until the greatest first 
strain was reached, therefore, |is fiir as the strength of the bar was concerned, 
it was stronger than before. With reference to the transverse strain, 
Mr. Edwin Clark tested some li in. square bars, by first bending some of 
them and straining them again, found them stronger than the bars that had 
not been bent. 

Mr. P. F. Nursey inquired at what point in the links the fracture took 
jplace in those that were broken. 

Mr. Parsey, in reply, said in most cases the bars broke through the ends, 
either behind the pin hole or across the head at the pin holes. In most bars 
jthe proportion, of the beaming surface on the Jto .the body of the bar is as 
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2 to 3, 8o that If tbere were 10 Uxom to theindi upon the body of the bfur 
thm would be 15 tons on the back of the pin hole, which woold iqiset the 
metal and caose a certain amoimt of niotion, and the soil^ of the phi would 
be^ to act as a wedge, and q>Ut the bar directly behind the pfai hole ; 
tiiat was the reason why the heads of the links were made with more metal 
aearoes and behind the pin holes. With regard to the wear and tear of the 
pins connecting the links ina Warren girder, he thought that as the snrfkoes 
were always in contact it would be very little. The amount of friction by 
the de^ecticn of the girders would be very smalL 

The Chainnan in dosing the discussion, observed that the subject was ot 
very great importance, and he thought much valuable information had been 
dicited. 
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May Uth, 1862. 
E. RUiEY IN THE Chaib. 
ON THE USE OF COAL IN FUBNAGE8 WITHOUT 8MOKE. 
By Chas. F. T. Youkq. 

From the first employment of coal in open or closed furnaces we find 
the desirability of abating the nuisance arising therefrom fiilly admitted, 
and also that attempts were and are being made to get over this unpleasant 
and imsightljr nuisance. 

Twenty years ago a writer said on this subject : ** The smoke arising 
from the furnaces employed at factories has, within the last twenty or 
thiriiy years, been felt as a great nuisance in most manu&cturing towns, 
polluting as it does the piure air of heaven, and injuring every exposed 
object withm the range of its influence. Those employing furnaces liaving 
also become generally aware that if either less of it were generated, or 
if when generated it could be consumed, there would be a great saving 
in the expense of raising steam." 

The immense increase in the use of coal is continually adding to, 
instead of decreasing the dense volumes of smoke which meet our 
eye in nearly every direction, more especially in the manufacturing 
districts, and as a rule, it may be said that but little success attends the 
attempts made to diminish the evil, or at least if this is not the case, 
that little employment is given to those methods by which the nuisance 
might be reduced. 

The nuisance caused by the falling of the soot or blacks, and of which, 
by the way, we have a tolerable allowance in London, has increased of 
late years to such an extent in Leeds, that many situations used by the 
inhabitants for drying linen in the open air have been obliged to be given 
up, and the fetct that smoke and soot loading the atmosphere, filling the 
eyes and mouths of the passers by, and spoiling their clothes, are 
intolerable nuisances, 'u too plain to need any further proof. 
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The iafloeaoe of tliie atxaoipliere of London vnm felifor mites around, 
thou^ at presont ito effects are nmch diminished, and all who lire in 
the neighbourhood of a emckj mann&ctory are well aware that the 
more delicate plants grow with difficulty in such aituatioua or perish 
entirely. . The of asingle fftotory chimney has been traced, by the 
grass in the direction of the prevailing winds bsing destroyed and 
nothing remaining but rank weeds of a few species capable of resisting 
tl^ smoke. 

The smoke nuisance, it may be remarked^ has even its supporters, 
for it has been urged by persons of a "smoky" tendoioy, that the 
healthiness of London is in a great measure due to the large quantity 
of carbon with which the atmosphere is constantly charged, and which 
absorbs the xxMsonous exhalaticms of the sewers and other fetid matter. 
No doubt this may have a c^i^ amount of truth in it, because carbon 
or charcoal is well known to be a powerful disinfectant, but one would 
think Uuit some more pleasant way of getting rid of the- effluvia, which 
is said to be destroyed by the carbon, might be arranged, so that the 
pwpetuation of this nuisance need not be sought on sanitaty grounds. 

The worst portion of smoke is the superfluous carbon which is left 
imbumt, when either sufficient atmospheric air is not j^resent, or the 
temperature is not sufficiently high for perfect oombustionof the varieties 
of carburetted hydrogen, and the vapour of coal tar, whidi are disengaged 
&om heated coaL Under either of these circumstances the hydrogen 
inflames, while the carbon is left to be carried forward by the draught 
of the chimney, poured out of its mouth, and ultimately to fall to the 
ground, and form the nuisance so loudly and so justly complained o^ 
and of which we have such an excellent example in London. 

It should always be remembered that in burning coal it is needful 
to introduce air in sufficient quantity to maintain a sufficiently hi^ 
temperature in the furnace, and to so distribute ^t amongst the solid 
And ihe gaseous portions of the fuel to effect that thorough mixture of 
the air and the gases, whereby alone their perfect combustion can be 
ensured, and the formation of smoke prevented. 

At every charge of &esh coal on the Are, the first product is not 
moke in the strict sense of the word, but a very laige body of crude 
impure coal gas, or rather coal in a minute state of diflUaion or 
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disintegratiiHi ; and this is in either greater or leea quanti^, and of 
longer duration, aceording ae the furnace is more or less free in 
obtaining the supply of air needed to obtain a perfect combustion. 

It should be borne in mind that there is not much difficulty in getting 
a large quantity of air into a fiimaoe ; opening the furnace door for 
example would let in air enough but then there is the disadvantage of 
cooling the furnace and lovoerimg the steam, firom the air introdudng 
itself ''in a lump" and not becoming intimately and rapidly mixed 
with the products of combustion. 

It is further necessary that the due proportion of atmospheric air 
should be intimately mixed with the combustible gases before or during 
exposure to the requisite temperature ; otherwise however much may 
be introduced, it cannot be said to be present availably for the intended 
purpose. In ordinary furnaces at the period when smoke is most 
abundant — ^that is soon after the coals are thrown on — ^both of these 
conditions are wanting ; too little air is present and the temperature is 
too low at the sur&oe of the fresh fuel for perfect combustion, and the 
entrance of ur through the bars, which would to a certain extent assist 
in promoting combustion, is diminished, by the coals just thrown on 
having closed as it were the apertures through which it could entw. 

Theoretically speaking, if a furnace could be so constructed, that 
the proper amount of air could be constantly admitted in its proper 
place, at the various states of the fire, from its green state after a heavy 
diargeof coal, to its bright and dear state, and no more than is actually 
required at each stage, no smoke would ever be seen ; but as in practice 
this for various reasons cannot be carried out, recourse is obliged to be 
had to various plans as additions, by means of which this perfection u 
sought to be attained, and the intolerable nuisance of clouds of black- 
smoke diminished. 

The late Dr. Dalton has shewn by his interesting experiments, that 
for perfect diflfusion of the air amongst the gases time is required, but 
the construction and woiking of ordinary furnaces will not admit of 
this, therefore, in order to get over this difficulty, we have to apply 
some mechanical arrangement. Dr. Ure says he found by experiments 
made with Dr. Wollaston's Differential Barometer, in several factories 
where both high and low pressure steam was employed, ''that the 
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aerial products of obmbtistion firom the boiler fdmaces flew off with a 
velocity of Mlj 36 feet per second ; a rate so rapid as to preclude the 
possibility of the hydrogenatod gases from the ignited coals becoming 
80 duly blended with the atmospheric oxygen as to be burned.** 

It will be evident therefore that l^ere is something more needed to 
prevent smoke, and thereby promote economy in fuel, ihsn the mere 
admission of air into the furnace. It has just been shewn that we may 
have enough air, but that from applying it in a wrong manner, though 
we may to a certain extent diminish the smoke we also diminish the 
steam, a process which few of the boilers at present in use can permit 
without seriously impairing the working of the engine. If we take the 
open end of a gas pipe and bum the gas issuing therefrom, we have a 
great amount of smoke and but little heat ; pass the gas through a 
common argand burner, and we have an intensely hot, smokeless, flame. 
By this we see that the numerous small holes with which the argand 
burner is provided, afford that more rapid and perfect diffusion of the 
gas amongst the air required for its combustion than is afibrded by the 
laige bore of the tube, which suffers the gas to escape in a lump or 
solid mass, unmixed wiUi the amount of air required for its perfect 
combustion. 

From this we learn that instead of admitting the amount of air 
required for the perfect combustion or complete utilisation of Uie fuel 
put into the furnace, it should be so admitted that it becomes 
thoroughly and quickly intermixed with the hot gases whilst stiU in 
the hottest part of the furnace, if it Jbe properly managed, we evi- 
dently obtain thereby the rapid diffusion and complete mixture re- 
quired for perfect combustion. 

It has long been a favourite idea, which is no doubt perfectly correct 
ixi theory, only we don t get it in practice, that if we can have sufficient 
f^wnace space by the proper setting of the boiler; that if we can 
secure the proper amount of air during the process of combustion; 
^t if we can keep the engine at work by careful and moderate firing ; 
^&d that if we can secure proper care and attention on the part of the 
firemen, no smoke would be produced, and that therefora no apparatus 
for preventing smoke would be needed. 

AU this we shall readily admit, but then to do this requires what 
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we hmve n«9er pet tern, vis., a perfsei fomaoe, perfect attenticn on the 
part of the men, and perfgeiion all over ; conditions, wliioh in nine 
Jnmdred and ninety^nine cases out of a thousand, it is utterly impos- 
sible to fulfil under the eircamstaaoes in which most of our steam 
boilers are employed. The oontintially increasing demand for in- 
creased power from most engines, requires them to be worked, and tiie 
fires to be urged beyond their usual or original oapiiMlities ; and, con- 
sequently, hard firing, increased oonsump4ii<m of fuel, increased 
smoke, increased wear and tear, and increased neglect of smoke abate- 
ment» are the inevitable results of such a system ; and must sooner or 
later lead to some more powerful and increased control being exercised 
over the owners of stesm power. 

The late Dr. Andrew Ure remained, that ''nothing places in a 
clearer light the heed l es sn ess of mankind to the most instmctive leetons, 
than their neglecting to perceive the difficulty of duly intermkigliBgair 
with inflammable vi^urs for the purpose of ihmr ccmibustion, as 
exhibited in the eveiy day occurrence of the flame of a tallow candle 
or common oil lamp ; for though this flame be in contact extenndly 
with a current of air created by itself, yet a laiige portion of the tallow 
and oil passes off unconsumed with a great loss of the light and heat 
which they are capable of producing. It is well known that elastic 
fluids of difi^srent densities, such as air and carburetted hydrogen in- 
termingle very dowly, but when the air becomes considerably car- 
bonated, as it does in passing through the grate, and consequently 
heavier, it wiU not incorporate at all wit^ the lighter combustible gases 
abc^ it, in the shcRt interval of the aerial transit through the furnace 
and flues. Thus there can be no more combustion amidst these gases 
and vapours than in the axis of a tallow candle. The first operation 
which coals undergo when thrown into a common furnace, is distilla- 
tion attended with a great absorption of heat, and may be compered to 
the distillation of sulphur in the process of refining it, for which pur 
pose much extemid heat is required. But if the ftimes of sulphur or 
the coals be, after accession, intermingled with the due quantity of 
atmospheric oxygen they wiU, on the contrary, generate internally 
from the beginning their respective calorific eflTects." 

Dr. Brett observes, in speaking of the supply of air required in 



olo0&< fttmaoe^' ^ ev<^ one wl^ obMrre^ Uio Tokiaitfi of hMt M»/ol» 
jesoapuig froisi tlia chimiiiAa of manufBbkM^ds ndimt struoic wkk tbe 
poakiyetloss^ of fnti thun fiiurtatiMd ; yet aofc oolj ui tbe l^ack ^oige 
lost for calorificL efiTeet, bu;t a fuijther loas may be traced to the paaaing 
off of what may Ipe ealled A smOke^ though not Twible — I maaa un- 
bamt carbnretted hydrog^ and carbonio oxide. By w^inglmg aU&o- 
spheric air with the inflammable gases before they etci^ imbumt, 
bla<^ smoke may be. got rid o^ or, in other words, that loss of fuel, 
and consequent loss of heat may be avoided. The in^rlanoe of this 
supply of good instead of vitiated air, «t this proper time and place; 
the no less important influenoe which a thorough oonUKiingling of the 
substances to be burnt, and the substance hurtling exerts in liM»litatiDg 
full and oompl^ chemical tmion, and the ii\furious effects from a 
ne§^eot of these pireoautioiis appears to be quite manifest, if we lock to 
ihe nature of the elementary substances which enter into the composi- 
tion of aU ordinary pit ooaL" 

It is eonstanUy lu-ged by those, who are owners of smc^ing fctr- 
naces, tha€ it is not worth the trouble and cost of preventing smoke, 
the fd^ they use bdng so cheap ; but they must admit that however 
cheap " it may be, it still costs something ; and it must thence be 
evident, that a ''penny saved is a penny got>*' and that as we axe all 
feying both to ''save" and get" pennies; which, by the way, soob 
make pounds; every penny saved from going up the ehinmeyis a 
p&my put in their pockets. If these persons, however, are sa rich 
^t they do not require to save ''pennies" far their own advantage, 
let them, at leasts learn. to leave the atmosphere as dear and as pure as 
it is given us, and not make their fumaoes nuisances to a whole nej|^- 
bouihood, annoying alike to both rich and poor, without at the same 
time affording a«single braefit. 

Another great assistant to smoke^nnking in the ordinary furnace, is 
the thick heavy fire-bar wilh the very limited air-way, whidi its veiy 
thickness causes. Air being needed for combustion, it seems difficult 
to account for the use of these bars, when a memmit's reflectiMi must 
shew that the thicker the bar the more limited becomes the area or 
opening, whereby air can be admitted to support eombostion. A great 
reform has, however, taken place of late years in Ihis direotion by the 
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employment of slotted-bArSy argand-ban, and other contriyances, where- 
by a BtroDg bar is obtained, and yet a great amonnt of air-way seoored. 
Of these yarietiee the open-bar, known aa Stratford's, seems to be the 
best, and one most caculated to obtain the end in view. 

One of the members of our Sodety, Mr, Loach, iE^>ecified, a short 
time siiice, a bar to be made of thin deep plates of wrought iron 
rivetted together, with pieoes between, to give the necessary air-way. 
This bar has been found to give excellent results in practice, and has 
been used for a considerable period in the coal-burning loocMnotives of 
the Society Couillet^ and may be seen in the fire-box of a locomot^Tu 
now in the Exhibition. These engines are stated to use the dirtiest 
description of smaU coal ; so dirty, that it frequently has to be washed 
bef<»e it can be used, and it is said that without this plan of bar they 
oould not use it. From the description of it, the fuel is not better than 
"breeze." 

Now let us consider a moment what we are " practically^ doing, 
when we are letting huge yolumes of black smoke curl out of our 
chimnies, and from what we must find as the result of that considera- 
tion, the first step will have been arrived at towards alleviating the 
eviL 

Firsts we build round our boilm and furnaces in brickw^k, because 
it is nearly a non-conductor of heat^ and that tiiereby the heat evolved 
frY>m the coal burnt in ihe furnace, may^be prevented frt>m passing 
away and be lost. Next, we so arrange the flues or heat passages 
around and under the boiler, or through it, and amongst the water, as 
the case may be, that the heat may have every opportunity of passing 
into ihe water and forming itself into steam. 

Then we aometimet, but 'not always, carefully cover up with non- 
conductors of heat our steam pipes and cylinders, which latter we also 
occasionally envelop in steam-jackets (through which as a variation 
-Uie exhaust steam is taken), in OTder to prevent the loss of heat by 
radiation, aU of which proceedings are highly commendable, and shew 
that up to a certain point we are disposed to be careful of our heat 
after we have extracted it from the coal. 

Now, having done all this, taken this trouble, and gone to this 
expense, the question arises of '^what has all- this been dcme for?" 



73 



The answer is, to save money, or rather steam, for steam is money, and 
get as much work out of a given quantity as possible. All this is ofUjf 
a partial saving ; it is saving at one end and losing at the other, for so 
long as by improper construction of furnaces, or by want of proper 
arrangements, we allow a portion of the fuel put into that fumaoe to 
pass unconsumed out of the top of the chimney, and without convert- 
ing a portion of the water into steam, we are not working witii the full 
amount of saving to which we are fiilly entitled, and might easily 
obtain, were proper attention given to the subject ; and then we should 
find, from being thoroughly awake to its importance, that we had 
taken the next step towards preventing smoke, as we should quickly 
adopt those means which would secure this desirable result. 

It would seem to be anything but an evidence of the wisdom of 
** practical" men, when we see them first fill a boiler with any amount 
of small tubes, through which they cause the heat to pass, with -tiie 
avowed intention of getting out of the fuel all the heat it contains, 
and then employ that fuel in such a manner that it deposits in all 
the internal surfaces of these tubes a large amount of non-conducting 
matter, by means of which a great amoimt of their practical *' effect 
is diminished ; and yet this is the daily practice with tubular boilers, 
where cbal is burned without any means being taken to prevent the 
formation of smoke. It would seem here that a little theory engrafted in 
this large amount of " practical '* knowledge would not be out of place. 

In marine' boilers little attention has been paid to what is taking 
place during combustion, and the necessity of making them occupy as 
little room as possible, has led to deficient boiler power, requiring hard 
firing, which is not by any means conducive to smoke prevention, nor 
even to obtaining the full practicable duty of the coal bumt^ and the 
proportions between engine and boiler are so restricted, that perfect or 
even decent combustion is not easily obtained. 

Smoke may, however, be greatly diminished in them, if judgment 
be used in applying the means, and care be taken to see that they are 
used, and not neglected and suffered to get out of order. Whilst on 
the subject of economy in the use of fuel, it will be well to make a few 
remarks in regard to feed-water heating, its desirability and advantages, 
especially in the case of high-pressure non-condensing engines, where the 
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steam wliich lias done its work in the cylinder is blown into tlie 
atmosphere, and not used for creating a draft in the furnace. 

As it would take too long to go into the history, merits, demerits, and 
description of the various plans which have been patented or used from 
time to time, and wliich are of all possible and impossible descriptions, 
it will be enough to enumerate what a good feed-water heater should 
be, what it should do, and why it should be employed. 

The first grand requirement in anything, especially from a popular 
ppint of view, is cheapnesSf and this is particulai'ly the case in anything 
relating to steam engine improvements, where it is generally fomid 
that if an engine works at a certain cost there is not much inclination 
evinced to adopt even a cheaper improvement, by means of which a 
further economy might be obtained in its working, unless such an 
improvement be very cheap indeed. From this it will be evident that 
one great requirement in a feed-water heater is cheapness, and it may 
be said that after that come efficiency, simplicity, freedom from liability 
to derangement, ease of management, and the capability of being cheaply 
and easily applied in those situations where its services may bo 
required. 

A good feed-water heater should, in the smallest possible space, 
with the smallest amount of superintendence, do the greatest amount 
of work, run for the greatest length of time without repair or diminished 
efficiency, and with as little wear and tear as possible, and heat the cooler 
feed passing into the boiler to as near the boiling point as possible. 

The reasons why a good and simple feed-water heater should be 
applied to all steam engines are numerous, but the chief ai\d most 
impoi'tant is on the score of economy or saving, as it is rightly termed ; 
and if we remember that it is said that the very best engines yet made 
only give from one-twelfth to one-ninth of the theoretic duty contained in 
the fuel burnt, it must be admitted that there is room for^ a greater 
economy than we have in practice. Let us take for example an engjn* 
burning 20 cwts. or 1 ton of coal per day, doing a certain amount of 
work, and let this engine, when the steam has done its work in the 
cylinder, exhaust it into the atmosphere, and thus suffer it to go to 
waste with a considerable amount of heat in it, which heat is thua 
dissipated in the atmosphere and lost. Now it is evident that any 



pQV^piD, of thia li«atfla^7od is a dear gain, and if it be retorped to the 
l^ler in. the eha^ of hot feed- water it w\\l be evident that a greater 
APl^iu^t.of di^ty will be obtained from that boiler with a given weight 
of coal than when cold feed is pumped in, and a corresponding saving 
of Qoal^ result. We will assume, for the sake of argument, that the 
.CQsAfi coet £1 p^r ton, or Is. per cwt., or £1 per day : now if we can 
3a ve, s^y two cwta. — 2s. per day, from the waste heat passing off in the 
ftiha j iB t steam, by the use, of a cheap and effective arrangement for this 
.purpose^ few will say that this is not worth doing, and more will be 
found to. try it. 

Fig. 5. shewain section and elevation one variety of just such a simple 
and compact apparatus, in which the steam, taken by a short pipe from 
the exhaust or blast pipe after it has been used in the cylinders, is 
projected ipto a short tube leading into the heater, and is delivered 
amongst the feed-water, which enters the heater in a thin annular sheet 
around the steam nozzle. In this short tube, or chamber, the water is 
broken into spray by the steam which is instantly condensed, and the 
water is raised to ahigh temperature, at or near to the boiling point, and 
runs into the pump or small cis^iem by it, and is than pumped into the 
boiler. In trying the working of this arrangement on a bitter cold day 
in the month of February, the feed- water entering the heater was at 
a temperature of 39**, and after it had gone through the heater, passed 
out at a temperature of 191°, at which it was pumped into the boiler. 
The -engine used 20 cwts. of coal per day without the heater, and when 
it was put in operation the consumption fell to 18 cwts. It will be seen 
that this arrangement can be easily applied to locomotive and agricultiural 
engines on wheels, where simplicity, lightness, compactness, and ease 
of application are of importance, and it is also of easy application to 
engines of all descriptions, and from its being free from any liability to 
get out of order, easily get-at-able for cleaning, and possessing no 
complication of parts, it will, no doubt, be of very extended application. 
This arrangement has been patented by Mr. D. K. Cl^rk, and is the 
simplest plan of all others for accomplishing this -desirable purpose. 

It was once proposed that an association or society should be foimed 
to receive and consider propositions for abating the nuisance of smoke, 
with fondsy obtained by subscription or otherwise^ sufficient to buy 
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up any patent that might be deemed adequate to the purpose, and 
then by enforcing the acts of the legislature to see it carried into 
effect; but it is not found that any steps were taken to cany out 
this very desirable imdertaking. 

Now that it seems to be the intention of Government, by its 
Metropolitan Smoke Bill, to enforce more rigidly on owners of engines 
and other furnaces the consumption of the smoke arising from them ; 
it will be necessary to see that the circumstance of having put up the 
proper apparatus for effecting that object, shall not be admitted as a 
sufficient defence, in case of an action or indictment, where continuance 
)f the nuisance proves that the means, though thus admitted to be at 
land, are not sufficient, otherwise any law will produce little effect 

One thing is very evident, that so tar as London is concerned, 
considerable improvement has taken place in its usually smoky at- 
mosphere, but a fi^reat deal still remains to be done towards further 
diminishing, if not altogether preventing, the clouds of smoke which 
still appear around us. It is practicable to divest our manufacturing 
operations of a great portion of the evil at present attached to them, 
namely their smokiness, by obtaining a more perfect combustion of 
the coal used, and at the same time a considerable economy, by that 
operation. 

In diminishing smoke much no doubt depends upon the deter- 
mination of the owners to set about it and have it done, and having 
had the means applied, i-esolutely to enforce its employment by the 
firemen or others into whose hands its working may fall. In the 
majority of cases, when the management of an arrangement for this 
purpose is left entirely to the superintendence of the stoker ; it either 
only partially fulfils its purpose or is found to be entirely useless, 
from the neglect and indifference of this individual, who well knows 
that any fine or action for non-prevention of smoke will fiiU on the 
master, not on himself. It would be a very desirable thing if all those 
who apply a plan for the prevention of smoke in their furnaces, would 
make themselves acquainted with its oi>eration, see that it acts well, 
and having done so, take such precautions or make such arrangements 
that in case of any smoke appearing, the party in charge of the fumaoe 
shall suflfer by a fine, this would strike at the root of the evil and make 
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the men take an interest in their work, which at present dpes not seem 
to be generally the case. 

There can be little reason to doubt, that if the public were once 
satisfied that smoke might be prevented by cheap and simple means, 
that its prevention would be at once carried out. Nothing can be more 
detrimental to the carrying out of any desirable work, than the idea 
that ** it can't be done," an idea, that once fostered, is rJmost ineradi- 
cable. There seems to be a good opening for an ** association to prevent 
smoke and promote economy in the use of steam,** which, if properly 
and judiciously worked, and resolutely carried out, would be the means 
of conferring a great benefit on the dwellers in neighbourhoods where 
steam is employed, and at the same time beneficial to the users of 
steam power. We have seen the success attending the Manchester 
Steam Boiler Assurance Company, which supplies a want long felt, 
whose operations are extended over nearly the whole kingdom, and 
with such success, that it has completely extinguished an undertaking 
which had no such advantages to offer, although backed by a strong 
array of science, and is shaking to its very foundations another affair 
similar to the one it has already extinguished. 

On railways the use of coal is rapidly extending, and, in fiwjt, may 
almost be said to have superseded the use of coke, but its employment 
is unfortunately not free from ihe great drawback and nuisance of 
smoke. Numerous attempts have been made to prevent or bum the 
smoke evolved from coal during its combustion in the fire-boxes of 
locomotives, and with what amount of success, we have only to watch 
any of the engines on the lines leading out of the metropolis to see ; 
and that there is great room for improvement no one can doubt. When 
the Railway Act empowering railways to use steam-engines was passed, 
it was rendered compulsory on all railway companies, by that Act, not 
to produce any smoke. The Railway Act of the 7th Qeo. 4th, espe- 
cially provides that each engine shall "effectually consume its own 
smoke." How well the Act works, a'joumey on any coal-burning line 
will afford ample and unanswerable proofl 

Some of the systems of smokeless coal-burning require nearly an 
entire reconstruction of the fire-box, others require engines to be 
specially constructed for them, and the remaining portion are easily 
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lipplied io tlie coke-burning engines at present in use. They may Le 
classed as follows: — Those with large spacious fire-boxes containing 
one large .grate, or else divided by a feather into two, with a fire- 
door for each with long runs, such as those of M'Counell, Beattie, and 
Cudworth ; these are further divided into long tube, short tube, 
combustion chamber projecting into the barrel of the boiler, an<i other 
varieties, in which the use of firebrick and other materials for keeping 
up a high degrees of heat, and splitting the hot products of the fire-box 
into as divided a state as possible, are employed. Then those with 
deflectors or baffle-plates to deflect the air down upon the fire ad- 
mitted, either from the fii'e-door or elsewhere, — these are generally 
applicable to existing locomotives ; and, lastly, the plan of introducing, 
currents of air uniformly distributed over the surface of the fuel 
through tubular or other openings in the side of the fire-box. This 
last plan is easily and cheaply applied to any existing engine as con- 
structed with the ordinary square fire-box. 

The same remarks that apply to the thorough mixture of a proper 
quantity of air with the products of combustion in ordinary furnaces 
are equally applicable here ; and it is found in all those plans in which 
the air is admitted in bulk, that a large quantity of that air escapes 
unoonsumed through the tubes, and at high speeds tends to diminish 
tbe production or keeping up of steam. Another objection to the use 
of the "baffle" "deflector" or "shovel," to say hothiiig of thw 
requiring rapid renewal, is their causing the suction, as it Wer^ of 
particles of coal through tiie tubes, and the bmning of the sihoke-boz 
in consequence, unless this were counteracted by the use of ttie fori^ 
arch in the fire-box. If any one examine ihe smdce-box of an engin'6 
fitted 6n this plan, just as she conies off her joinney, they will find 
this to be the ease, and also that there ^vill be a Vea^ deposit of ttshee 
therein. 

Theory shews us, and experience has proved, that th6 thorough 
intermixture of the air with the coinbustible gases at or neiLr the 
surface of the fiiel is best attained when the air is distributed amongst 
them through numerous small openings, rather than through one or 
two large ones ; and this can be perfectly done without baffles, shoyels^ 
deflectors, brick arches long fire-boxes, or combustion chambers, by 



ike ^ple ttoployment of Mr tubes of small diameter paaaing through 
tbe watet space either in the front and back, or at the sid^ of the fii^ 
box, open externally to the atmosphere, and internally to the gases and 
heated matter, just above the surface of the fuel. Now this arrange- 
xnent, originally patented by S. Hall, in 1841, which, where properly 
iq^lied, is most effident in destroying Smoke when the engine ia 
limning, is not capable of doing it wh^ the steam is Ebut off, and the 
powerful suction and mixing action of the blast is lost ; and this is the 
same with all plans acting by the force of the blast. To ov^roome 
ti^s difficulty, the steam-jet in the funnel has been added to all of the 
ordinary platis in use, but with a very small amount of succeps. The 
use of tins jet or blower is objectionable ; first, because so long as it iis 
in use the steam is continually rising, the fire k:ept bright, and fuel and 
steam wasted ; and, next, because it does not fulfil the end to which it 
is applied, from its strongest actiofi being in no way equal to the blast 
of ^e engine when running, and thus not capable of maintaining that 
rapid and thorough mixture of air required for prevention of smoke ; 
acH* is ft capable of siii^g ^elf to the quiet state of the fire when 
the engine is standing, or the ever varying conditions of a locomotive 
furivaoB. 

•Thfe means of overcoming these difficulties and extending the range, 
Yolumie, and power of the air currents, ahd of adjusting them to the 
Wants of the fiimaces, has been admirably obtained by Mr. D. K. 
Clark, C.ti. (who has patented it a few years since), and consists in 
Inducting, eiccelerating, and thoi'oughly intermixing the currents of air 
within th6 Wx, by'the mstrumentality of minute jets of steam. By 
<5feis arraiigement (as sheVm in Ttg. 18), the steam nozzles with ^e air- 
^6u^>es to which they are pointed, aTellke so many miniature bla^t pipes 
kiid chimnies tiirhed into the fire-box, possessing relatively the same 
. power of urging and creating the draft ; and the air-currents we by 
this means delivered with such precision and velocity, as to sweep over 
the whole surface of the fuel, aiid forcibly distribute and mix the air 
amongst the gases, whereby a complete and entire prevention of smoke 
is attained. 

Iii 'practice it is found only necessary to use the jets occasionally 
-^heh thO engine is at work, say just as a charge of coal is bein^ 
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tlirown on, BO as to make the fire rather grem, ^the biiBt as bcSm 
riiewn introducing nearly air enough, but the time when their use 
is in demand, and by which smoke is entirely prevented is immediatdy 
on shutting off the steam, when coming into a stati(m or otherwise. 
Then the heat in the fire-box is fierce, and a great distillation of 
combustible gases will be taking place, all of which, if not met and 
consumed by the steam inducted air currents above the fuel, must 
escape at the chimney in the shape of clouds of smoke. The intensity 
of the heat will now rapidly subside, and the jets may be moderated as 
desired, and continued in action until the engine again starts off. The 
indraught of air into the fire-box can be easily regulated by ihe use of 
slides or dampers over the air openings, but by so proportioning the 
area of hole as to prevent any great excess of air supply, ihe dampers 
may be dispensed with altogether. 

The following statements of the working of this plan in comparison 
with others will be a satisfiiotory proof of the economy and efficiMicy 
of it. The gross weight of engines and tenders were nearly equal, 
and trains of 100 to 116 tons, speed nearly the same, and the coal 
consumption as follows : — Per Ton gross. 

Mr. McConnell's plan ... 86} lbs. Hawksbury coal, per mile *31 lb& 
„ Beattie's (with cold water) 24 lbs. Griff and Stavely, „ *285 „ 

„ Cudworth's 26 lbs. coking coal, „ *225 „ 

When tried (as used by Mr. Cowan on the G. N. of S. B.) in 
competition with those plans adapted to the ordinary fire-box (with 
passenger trains) such as Mr. Douglas of the Birkenhead Line, with a 
dose deflector, Mr. Yarrow's of the Scottish North Eastern Railway 
with a brick arch and ab bars; Mr. Connor's of the Caledonian 
Railway, with a brick arch and door deflector ; Mr. Frodsham's of the 
Eastern Counties Railway, with a door deflector and steam roses in 
the fire-box, as used by Mr. Sinclair; the following results were 
obtained : — Gross weight. Gross coaL Per ton gross. 
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Shewing that with the eystem of steam indaoted air cumnte forcibly 
xnized with the gases better combustion was obtained and less coal used 
with a heavier train than by any of the others. 

In the wending of goods trams similar results followed, as will be 
seen by the following table: — 

Gross weight. per mile. lbs. 

Mr. Douglas 445 Tons. 60*8 lbs. or *135 per ton gross. 

„ Connor 255 „ 37*3 „ „ '147 „ „ „ 

., Frodsham 228 „ 41-5 „ „ 182 „ „ „ 

» COark 305 „ 89-6 „ „ 130 „ „ „ 

The Great North of Scotland Line, on which Clark's system of 
smokeless coal burning is in fiill operation, all the engines being fitted 
with it, has long gradients, several varying ^m 1 in 100 to 1 in 150 
with frequent curves; and the goods engines could take up these 
inclines 35 fully loaded waggons, = 460 tons gross weight, at 10 miles 
per hour. Mr. Cowan, the Locomotive Superintendent, in speaking of 
the plan, says, " should any person wish to see it working, they may 
travel on the engine for a week, and satisfy themselves that smoke 
consumption is a fact accomplished really and truly, and by simple 
means. Its appUeation as a damper whilst standing is a featiure 
peculiar to this system alone, and of the utmost importance in 
practice. It is used here daily for that purpose. By the use of it 
properly, an engine could be kept standing twelve or more hours, 
and the steam not vary a pound up or down, and yet in three 
minutes the engine wotQd be in readiness for any train. By its 
use an engine with a full fire unexpectedly stopped in the road 
can be easily managed.*' 

It may be remarked that Mr, Cowan had personally examined and 
tried aU the systems of locomotive smoke prevention in use, and 
unhesitatingly adopted this in preference to all the others, it being 
so simple and efficient. Numerous opportunities have been afforded 
to the author of examining and travelling with engines fitted with 
most of the plans of smokeless coal burning, but none of them came 
up to that of D. K. Clark, which system is distinguished above all 
others by its simplicity, durability, efficiency, and simple management. 
It has no construction of any description within the fire-box, and 



is not therefore sabject to Wear and tear tma exposure io vAmA 
heat, and althoagh it commands the entire range of the fire-bo9, 
it does not in any way interfere with, or cause extra labour in the 
management of the fire. The whole business of smoke prevention 
by its use, consists in occasionally causing the inducting jets, whi<^ 
are placed sufficiently above the fire to command it at all times 
to operate, by means of a tap or cock near the hand of the engine 
driver, ietnd an occasionial help from the ring jet in the chimney to 
carry off flie products of combustion. By the proper use of this 
system the fire may be " damped " or kept dull when desired, when 
for example an engine has to wait at a station, without raising the 
pressure of the steam, as the forcible indraught above the fire, is 
made to prevent a draught through the fire, and thus check oc 
suspend the combustion of the fuel, conducing both to safety and 
economy, and contrasting favourably with the other systems, &l all 
of which, as before remarked, a powerful blower is needed when 
standing, incurring thereby dangerous pressure and a waste of steam. 
It only needs trying or to be seen in operation by unprejudiced persons, 
to secure its use wherever it is really desired to bum coal witboot 
smoke. 

It should be strongly recommended, that whatever plan the owiiet 
of a furnace may choose to adopt, he should feel it incumbent on hlsd 
especially for his own pocket's sake, to apply either to the patentee or 
owner of such plan, or else to the agent, in order that the proper 
carrying out of the erection or alteration may be secured, and that the 
necessary instructions given may be precisely followed. I'his is due in 
common fairness to the party whose plan may be followed, because 
it is found that' either from want of thoroughly understanding the 
principle, or else from the idea that an imprpvement may be 
iptroducied, many good and simple arrangements have utterly failed, 
and the interests of the inventor or proprietor have been thereby 
■ seripusly damaged. 

Jt has been usual to consider Watt as the first or earliest inventor 
of j^^fttJ^lp^ to cf{|iQUf;|ie its own itmoke^t apd ^K)8^^1)r this majift d^bftt^^ 
is^.so fiir aa it .rdat^s to iftetuu engme ^iri^acee. tk ^i^mrmS^^p^ 
century, however, it appears that apparatus tot wil 
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tepbyed In tatiay tnanti&etoriefi in Franee. In tSie tdmnd of tb« 
Academy of Sciences for 1699 some ezperiments are given of a M. do 
^ fitlt'e, ^rliich have reference to an invention made many years previous 
by ft. Delasme, a French engineer. This latter gentleman, we are told, 
SihibfE^d his feimace for consnming its own smoke at iiie fidr of St, 
Germain, in the year 1686. 

1772, John Aysel, London, "Improved Furnace.** 

17S5, R. Cameron, "Furnace for consuming Smoke." 

In June, 1786, Watt patented several modes of consuming smoke 
ffcirriac63, many of Mdiich have been re-patented of late years, such, 
ibr example, as passing the smoke and gases from one fire over the 
bright coals m another ; causing the gases and smoke from the fresh 
fuel 'to pass through very hot tunnels or pipes, or among, through, or 
near fuel which is intensely hot, and has ceased to smoke, and by mixing 
it with fresh air under these circumstances. 

In 1796, a Mr. Thomson, of London, patented the hanging bridge 
or brick arch, and the admission of air through a slit or opening be- 
hind the bars, regulated by dampers, nearly similar to Park's split 
bridge. 

1796, J. Pepper, Newcastle, "Saving Fuel" 

1796, F. Uoyd, Woolstanton, "Furnace.* 

1797, J. Grover, Chesham, and T. Roimtree, London, " Furnaces.*' 

1798, W. Bayley, York, "Furnace." 

In 1813, Benjamin F. Coombs, of London, patented, and in 1819 
described " Plans for saving fuel and suppressing smoke," in which a feed 
hoj^er and crushing rollera were used ; the grate raised or lowered by 
means of rackwork, and air admitted to the fire by flues at the front and 
sides. 

In July, 1816, William Losh, of Newcastle-ou'Tyne, obtained a patent 
in which he proposed dividing the furnaces into two ; in one case - they 
are placed side by side, and the smoke from the fresh fire in one^ turned 
by means of dampers over the other br^ht one ; and in the second they 
were placed end to end, and by means of doors fitted to the ash-pits, 
and dampers, ihe smoke is driven into the ash-pit and out through the 
coals in the clear fire. 

In 1816, Joseph Gregson obtained a patent for improvements in 
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furnaces and prereoting smoke, which conaisted of an opeuing in the 
fire-lMridge, through which the current of air was admitted. 

In Ul% W. Bruntoi^ of BlrmingbMn^ jpAtonted Iub v«Utevini 

way to the fiie. Ti^ plan mm Iwoq^l ifila ia l^W, JolukSlefl^ 
of Dartford. 

In 1812, John Walker, of Kennington, described to a committee of 
tile House of Commons his plan of bunuog ooko alone In fim with 
•ddmoaal Hum, 

In May, 1 820, Josiah Parkes, of Warwick, patented his plan of 
admitting air tVom tlie ash-pit into a hollow bridge, thereby projecting 
It in a sheet upon the gaaes and smoke at the back of the fire. 

Ia December, 1820, John Wakefield, of Manchester, patented hii 

and alto pkoing the ban ^ndiaatiy** or doacr togailier ia & &mi^ 
than tba hinder part, 

In Febmaryi 1821, William Prichard, of Leeds, patented the use of 
A ^Uader and piston, with a branoh pipe between the two ends of t^e 
cf-Vudar, allowlttg * qiaiok or alow piaaaga of ii«a air aoeoirdiag to the 
a4juatment of a stop-oock. A ohaia from the {oatoa rod passed over a 
pnU^ and was connected with the fire-door, which, by the sinking of 
the piston as the air escaped, shut the door gradually without the aid 
of the fireman. Here we have a self-r^gulating door as nearly as possible 
thai of *r. S. IWaMixpatfiitadaiaay yaara afWr. 

In Harch, 1822, Qeoi|;a StnyttoB, of London, patented a p3aa iff 
heating a boiler by means of two fires — one in fi:>ont and the oth^ undff 
the middle of tlie long boiler, both being fed with ooal by feeding p^M 
passing downwards through the boiler. 

Ill Jaly, 1822, John Stanley^ of Hanchester, patented his self-feeding 
^praina, cooiistlag of a copper ooataining the coalsy at the bottom <^ 
which were plaoed two grooted rollers to omsh ^ent, otim pSate on vM^ 
they fell, and revolving fans to scatter them over ^kft the whole 
being moved by the engine or other power. This plan, it will be seen 
is very similar to Steers, Brunton's and others. 

In September, 1823, James Neville, of London, pi^eoted the use 
a fim pkoadin araeaaa ia ^le tonaoe fine, to be imtm^MmTm^ni^ 
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by the engine or other power, and force the smoke and hot air up the 
chimney, fresh air being drawn in through perforated plates in the cross 
flues, and thus consume the smoke. 

In 1824, Mr. JeflBrey, of Bristol, patented a plan for preventing smoke, 
by causing a down draught through a shaft in which a constant shower 
of water was falling, so that he condensed it. 

In the same year, George Chapman, of Whitby, introduced hollow fire, 
bars open at the firont ends to the atmosphere, and opening at the back 
end into a slit about an inch wide in the fire-bridge, which opening 
inclined slightly forward so as to reverberate the air back in the fire. 
(This plan of bridge is similar to Park's split bridge.) In the same 
year, R. Svans, of London, used a tube perforated at one end with 
small holes, and at the other connected with the waste steam-pipe of 
the engine. He placed the end with the small holes under the fire-bars 
in the furnace, and by means of jets of steam endeavoured to kill the 
smoke. He eventually found, however, that with the use of coke and 
strong steam he succeeded better, as he maintained an active combus- 
tion. It may here be remarked, that blowing a jet of steam under the 
fire is now used in several gas-works. 

In 1826, James Barron, of Birmingham, patented a plan for feeding 
furnaces without opening the fire-door, and causing all the air required 
for combustion to pass through the bars. This was done by means of 
a large vertical tube nearly over the furnace, through which, by a 
self-acting arrangement, the fuel dropped on the fire at stated intervals. 
In the same year, a Mr. Jacomb, of London, patented a revolving 
grate or cage in which coal was burnt, and this was applicable for 
domestic purposes also. 

In 1828, James Gilbertson, of Hertford, patented a furnace to con- 
sume its smoke, in which the air was heated by passing between 
hollow plates fixed at the side of the fire, and thence into a cavity at 
the back of the fire, where it ascended thi'ough a grating above, and 
came in contact with the smoke, thus causing it to ignite. 

In June, 1831, Samuel Hall, of Moorgate-street, obtained a patent 
for the use of heated air supplied to furnaces for the piupose of con- 
suming the smoke, which air he heated by causing it to pass through a 
number of cast iron pipes placed in the flue leading to the chimney, so 
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that it might employ that portion of the heat whioh had noi been uaed 
in raising steam. 

In September, 1834, John Chanter, of ^aokfriars, London, ob- 
tained a patent for various improvements in boilers and furnaces, 
whioh consisted in gradually drying and preparing the ooal in the 
furnace, so that the liberated gases were burnt in the hottest part, the 
air being supplied by means of a tube under the first fire-grate in the 
centre of the furnace, two grates being used in this plan. This has 
lately been re-patented. 

In June, 1836, John Hopkins, of Clerkenwell, obtained a patent, in 
which he set forth the use of a fire-bridge of a curved form intended 
to arrest the heat and flame together with the smoke, and throw them 
back from the end of the furnace, and cause them to pass again over 
the surface of the burning fuel. On marine boilers and others where 
desirable it was proposed to construct the bridge of metal and hollow, 
and also connected with the main boiler. 

In February, 1838, a patent was granted to Michael Wheelwright 
Ivison, the principle of which consisted in the discharge of a veiy 
small quantity of steam, not through the fuel or down upon it, but 
above the fuel and through the products of the fire. 

In August, 1838, Richard Rodda, of St. Austell, Cornwall, patented 
the employment of fire-brick passages strongly heated, through which 
the smoke, having passed through the fire, was made to pass. The 
smoke was previously mixed with a due proportion of atmospheric air, 
admitted through a valve or box over or near the fire-door, which valve 
was opened or shut as the gases required. 

In the same month of the same year, David Cheetham, junr., of 
Staleybridge, patented the use of a fan placed in such a position as to 
catch the most inflammable portion of the gases, and propel them with 
a certain proportion of atmospheric air into , a close ash-pit, so as to 
cause it to pass through the fire. 

In October, 1838, Paul Chapp6, of Manchester, patented the inject- 
ing of a sheet or numerous small jets of boijing water, over the fii*e in 
front of the bridge, by which he intended to .e^ect the conjbustion of 
the smoke (or, more probably, the extinction of the fire.) He also 
proposed a similar jet to be projected at either end of the fluea^ or in 
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%e chmmej, tlie waWr to be sapplied by means of pipes fi*«ii tbe 
boiler. 

In Kovember, 1838, James Drew, of Mancbester, patented the use 
of fire-bars in two sets, the front half being laid on fixed bearers in the 
usual manner, and those at the back on a frame capable of being raised 
or lowered by means of rackwork or otherwise. The front bars re- 
ceived the fresh fuel, which, as soon as red hot and charred, was to be 
pushed into the second or movable set of fire-bars, and raised as near 
as might be desired to the bottom, the smoke from the fresh fuel being 
burnt^in passing over the fire in the back grate. 

In February, 1839, Thomas Hall, of Leeds, patented the division of 
furnaces and alternate firing, precisely as Losh had done in 1835, and 
others since. 

In June, 1839, CJharles Wye Williams, of Liverpool, patented his 
argand fuiiiace, which consisted in the use of pipes or plates perforated 
with numerous small holes, and placed either in the furnace or so near 
it, that the air entering in a finely divided state amongst the gaseous 
products of the furnace would, by commingling with them, produce more 
coiQplete combustion and thus prevent smoke. This plan was origin- 
ally introduced by a Mr. Stoddart, of Glasgow, in the year 1827, but aban- 
doned in consequence of its having been found to damage the boiler. 

In August, 1839, Richard Prosser, of Birmingham, patented a plan 
in which he used a hanging bridge (similar to those of Chanter and 
Rodda, several years before), placed some distance from the ends of the 
fire-bars ; the gases were thus obliged to pass through flues or openings 
in the bridge into a chamber beyond, and thence to the chimney, the 
space between the end of the bars and the bridge was fire-brick, form- 
ing an inclined plane on which the hot fuel was to be pushed, keep- 
ing them hot, and burning the smoke. 

In November, 1840, Andr^ Kurtz patented a plan for consuming 
smoke by placing the bars in a peculiar position in the furnace, using 
three sets, and inclining those at each end towards the middle 
aei, which were horizontal and lower than the two ends of the furnace. 
He placed these bars in hollow bearers open to the ash-pit, and 
oonnected with apertures in the furnace. There were air passages 
dosed by doors, and only opened occasionally to dean the flues, tha 
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fire-door being shut and the ash-pit also closed, except a .slight 
opening for air, which, rushing through the hollow bearers and 
becoming heated, was expected on entering the furnace to prevent 
the formation of smoke. 

In January, 1841, Edward Foard, of Islington, patented a plan 
in which the furnace was supplied from below, the bed or frame 
carrying the bars being lowered while the red hot fuel in the furnace 
was supported by a sliding plate or fetlse bottom; the plate was 
then withdrawn, and the smoke mixed with air rising through the 
bright fuel was, it was thought, consumed. 

In February, 1841, the Baron von Rathen, of Hull, patented his 
imdulating fire-grate, in which the bars were double or hollow, resting 
on bearers with steps, thus ascending or descending, formmg two sides 
of a triangle, including spaces or hollows in which the fuel was placed. 
He thus enlarged the area of the contact of the air with the coals. 
He also proposed to use a coal-feeder placed over the dead plate 
having a movable door, with a lever projecting outside, by which 
the fireman could shake the coals forward so as not to open the fire- 
doors ; air bars on the side of the fire-grate so as to let a small portion 
of the air outside enter the close fire-box ; and two ash-grates with 
small round bars one over the other, on which the ashes and hot 
cinders from the upper grate were to fall, so as to prevent the cold air 
rushing up in a mass to the large fire, and thus warm it on its passage. 

In November, 1842, John Cooper Douglas, of London, patented 
a plan by which the gases were to pass over a bridge imder another 
bridge into the space beneath another set of fire-bars, whence they 
were to pass off, burning the smoke by passing through the second 
fire. This was before done by Losh in 1815, and others since. 

The author would remark in concluding this paper, that great merit 
is due to Mr. Charles "Wye Williams for his chemical investigationB 
regarding smoke, and the great care and attention he has paid to this 
subject. A glance at the way in which it has been usual to try and 
"bum" the smoke will prove at once how little chemical knowledge 
has been displayed by numerous patentees for this purpose, and how 
little trouble they gave themselves to become acquainted with the 
nature of the substance they proposed to deal with. 
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DESCRIPTION OF DIAGRAMS. 



Fig. 1 represents the usual amounts of smoke to be seen in the 
diiinney-topB of ordinaiy factories where no apparatus is used. 

Fig, 2 shews the appearance of the fire producing such smoke, and 

imperfect combustion arising from want of air. 

Fig. 3 shews the state of the fire in a well-proportioned furnace 
^ere the air is properly and sufficiently admitted, and combustion is 
nearly perfect. In this furnace no more smoke would ever be seen 
than is shewn in the least amount in Fig. 1. 

Fig. 4 shews the appearance of such a fire as Fig. 2; when the 
steam-inducted air currents are applied, the smoke being at its worst 
reduced to No. 2, Fig. 1. 

Fig. 5 represents the feed-water heater before described. The 
steam-pipe is shewn at the top, the feed entrance at the side, and 
the pipe to the pump may be at the bottom or on one side, as shewn. 

Fig. 6 is a section and half plan of a coal-burning locomotive on 
Mr. ITConaell's patented principle for using coal without smoke. It 
may be here remarked that the best test of the efficiency of the plans 
nuned, is either a journey behind one of the engines or else a residence 
dose by the Une. 

Fig. 7 is a longitudinal section and half plan of Mr. Beattie*s patent, 
as used on the London and South-Westem. 

Fig. 8 is a half plan and longitudinal section of the long-inclined 
fire-grate of Mr. Cudworth, as used on the South-Eastern Line. 

Fig. 9 shews the plan of Mr. Douglas, as used on the Birkenhead 
Line. 

Fig. 10 is a longitudinal section and end view of the system of 
Mr. Tarrow, on the Scottish North-Eastem. 

Q 
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Fig, 11 shews the plan of Mr. Connor, as used on the Caledonian 
Line. 

Fig. 12 is that of Mr. Frodsham, as used by Mr. Sinclair, on the 
Eastern Counties. 

Figs. 13 and 14 are two variations in the application of the steam- 
inducted air-currents as patented by Mr. D. E. Clark, Fig. 13, resembling 
that on the Qreat North of Scotland Line, as used by Mr. Cowan. 

Fig. 15 is a longitudinal section and end view of the plan used 
by Mr. Jenkins on the Lancashire and Yorkshire ; the curved slab 
ti>(Kwm imide tliA iro-bas mm oiiigiiMUx nude of cafit mm» Vut ftm 

FIgi 19 la ft longitadinftl Bectiom and end view of the plan <^ 
Mr. Bamsboitoiiv of the London and North-Westem Railway, in 
which th« «ir «QtmoTer the fire through two large square apertures, 
k the fmik of thft boo^ uoder a hnxk arch, fitted with daspi^ to 
Mgolata tha qiuntil^. 
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DISOUBSlOir. 

Mr. Ganruaigioii dnoribed a fimiaoe be had aatti mmt fikckirall 
wMob Hr/ YiWg had aoi laeiitioiied. U aonaialied of two lure gntea, 
OTe .fael^Dd4jbe!crfihar; tiui £c^t^;rato 'was led with dadk,. and the hot 
eoiba wae ftttdbad^OYer on (ko the bade grato eadi time tiio fiont ^poate 
VII0 £ad. 13ie asuBke icas «defleoted by xoeazMi of a bride arch, ^ninch 
threw .^e gae inr.fmkexrrer tibiS iower gmte, the hoi mir thai panad 
tiuredit^ jBokB on to the badk grate, xmsod with ;the hot 9U and 
nado A wlutuh flame ahaoet .^simediatdj. So perceptible jmdba 
passed out of 4ihe chimney, .and Gut stiver said there was not the kaat 
trouble in stokbig, and ihaA the steam «oBld be got Hp.in asmchaherter 
tiitts 4h«ai«iviiih m oidi&aiy iumao^ and efectiog&isxingof^per 
cent. 

I£r. Bumble explaindd 1^ a diagram a siac^o^mnBiingi^FahEbiu 
of which, iko is the patentee* .Ilr eoBsists of a hopper and neneable 
&ont,<to whifik is attached, an inclined pJane of peciittar joaDstmotion 
on whicib the fuel if^, jund is psshed formsd . dewl j so that Terfect 
combu^f^on taJbes place ; no woke is to he seeiiy and dinhara to jajgreet 
extent pr^n^ntod. TheadaaissioQ ofthejreQ^ilaiteairisgiT^ 
a flap; the supply of ^Mlis rtiffa^ted hj a shdo. and by a greate or 
lesser motion of the moveable firant and vacUned ptoae. Its gneat 
advanti^s are, that it fiosts less than any e£l(4i^ phui at pi» e oub in 
use, .raqt^€yB less labour, and has .the gf^t adrsBtage ^ allowing the 
ire to be -ol^tfoed ftod m^B^ md aaab^g the stoker io ^ ^ the 
stem bciak^y when cequired. It was his o^ohu that if iooala weiiie put 
upon , aast 
with. 

Mr. Louch having tried many experiments in jCOnnaadkiB idth this 
Wfif^ M^i f^wm M a^' fim^^mm >tbftt the mmmn^ Mmntm^ 
oi^gfHii A0iP Jit Si pOA«|b)<i jiiq^bd *o the^i^.«l1ihi» mimmA 

when ignition takes place and not after the smoke had been fprmed, 
and di'ew attention, as an example of a perfect smoke consumer, to the 
ordawy camphino lamp, which he explained by means of a diagram. 
^Olift>fil9>¥iri^'l^i^ ^ QPPaoQ, should be «»nried out as &r as ms 
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practicable in all fiimaces where it was desirable to consame smoke. 
This should be effected by admitting as much air as possible through 
the bars, which should on that acooimt be made much thinner than 
those now generally in use. If the grate surfsKje were too small to 
admit of sufficient air being supplied by this means, it would be neces* 
sary then to perforate the door or otherwise admit a sufficient quantity 
of air above the Aiel ; which, however, should be avoided as much as 
possible, as in this case he had found that the smoke was only con- 
sumed at the cost of fUel, notwithstanding the statements to the con- 
trary issued by the numerous inventors (?) of this plan of consuming 
smoke. It was necessary to keep the bars as clean and firee from 
clinkers as possible. This could be effected by means of the several 
varieties of reciprocating bars now in use, originally the invention of 
the late Mr. Chanter. The nature of the coal should also be studied, 
and it was a mistake of many to insist on using large blocks of coaL 
The best size to effect combustion is about the size of a man's fist, so 
as thoroughly to disseminate the air through the fuel ; if used much 
smaller the furnace becomes choked ; if much larger the spaces between 
the limips are fewer in number, therefore before firing the coal should 
be reduced as near as possible to this size. No means for the con- 
sumptiofi-of smoke however, would be successful without very careful 
stoking. Mr. Louch also described Juke's smoke consuming grate, in 
which the bi6rs were caused by machinery in connexion with the engine 
to traverse the fiimace longitudinally and carry with them the fuel, 
which being thus gradually supplied to the furnace, was consumed 
without emitting any dense smoke. This principle was also carried 
out in Brunton's revolving grate. Mr. Louch had seen one of those 
grates , in good working-order which had been erected by James Watt, 
nearly fifty years since. 

Mr. Olrick was fiilly satisfied that when smoke was once formed it 
was impossible to bum it. He considered the invention of Mr. C. Wye 
Williams for the prevention of smoke the best and the most simple, 
and quite correct in principle. It consisted in admitting a certain 
amount of air at the door or at the bridge, due care being taken to 
have a sufficient area at the bridge. Wherever this plan had been 
tried it had proved successful He did not consider it correct to draw 
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conclusions from what could be d<me on the measured mile^ but from 
the result of i^e working of the boiler after three or four weeks con- 
tinued work. He knew of boilers that had been constructed for 
20 lbs. of steam, but in consequence of being constructed too small 18 
or 14 lbs. was the utmost that could be obtained. In constructing the 
boiler the first thing was to make the area of the grate the proper siae^ 
it being generally found much larger than it ought to be, thus causing 
the combustion to be yery slow. If the area of the grate is the proper 
size, and the areas of the other passages correspond, there would be 
about 3200 degrees of heat in the furnace, which would enable the 
proper amount of cold air to be admitted. If the air is shut ofi there 
would be a dull brown flame, but when the air is admitted, the heat 
and light will be very intense. In a spiral boiler made by Mr. Elder, 
in Glasgow, the distance fix>m the fire-grate to the chimney was 100 
feet, or seven times larger than a common tubular boiler, consequently 
the former would be more usefully applied than the latter, no smoke 
escaped firom a chimney in a trial of 8,000 miles without stopping; the 
coal consumed was as low as 2 lbs. per indicated horse power, whereas 
the usual amoimt in the British Navy at the present time is 5 to 6 Iba. 



Mr. F. Toung said at the prevk)us meeting Mr. Olrick referred to a 
Marine Boiler. This boiler consisted of an upright central boiler, 
around which another similar boiler was wound spirally, like a cork- 
screw, and all round these, other vertical boilers were placed, thus 
forming a compound or built boiler. When properly fired it produced 
no smoke whatever, as the gases and air became heated and mixed on 
^heir passage to the chimney, and when the air arrived at that point it 
left contact with any useful heating surfiaoe. The temperature of the 
'v^aste heat was found not to exceed 500 degrees, while in other boilers 
it was 1,000 degrees, thus shewing a great saving of heat. This was 
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the- results of « triad trip, but of steMming 50,000 miles. Tbt 
preesim varied from 40 to 501b6. on the inch. This boiler -ma fitted 
with a mni'hole, through which eaeh part could be easily cleaned, and 
it seemed to fulfil all the requirements of an efficient marine bofler, 
hj it^ sea-wator could be used, and it could be worked at high 
pressure, and at the same time effecting a gi«at eeonomy in fue^ 
the eost was very little aboTe an ordinary marine boiler. 

Any description of coal could be used^ but during t^e voyage 
refeired to, Glasgow cool was used. 

Mr. (Mriek considered titiat more- attenl^On should be paid to ^ 
chemistry of boilers, and likewise to their construction. A paper 
appeared in the ArHzcmy 1860, which fully explained this subject. 
•The amount of gas and atmospheric air that must pass through the 
different passages in the boiler should be caldulated, and also the tern- 
perature at which they pass. The rules for this were based upon the 
assumption that you were making 25 fb. per second, and admitting 
18 lbs. of air per pound of fuel — the rate of combustion multiplied by 
the area of the grate in square feet, and that product by a co-efficient 
differMit^ for eaeh passaga The space over the fire should be as roomy 
as possible. If there was not a sufficient combustion chamber, it 
would not allow the proper mixture of the air and the gasses at the 
time it was required. The tubes were generally made too smalL They 
should never be less than three inches diameter, nor should they be 
placed too high to expose them to the steam 'instead of the water, in 
which case tiiey would be likely soon to wear out. 

The Chairman said an important point, had been raised with regard 
to the difficulty of burning smoke* He did not know if Mr. OMek was 
aware that a fiumaoe had been constructed in^wfaooh the whele of tin 
fuel was converted into gaa^ and affaerwards burned. This, was effiseted 
in a peeEiliarly constroeted furnace, supplied with- a blast, taod so sp- 
ranged that the air, or rather the oxygen^ converted the > carbon; into 
carbooBe: oxide ; . only,, in. thia furnace, no draught, was re<|vuired f and he 
questioned whether it waa not much.dieaper to 'produce a draofi^ 
mechamcaUy than by means of a high stack, which must be miade hoi^ 
and conaume a laige anuumt of fuel to< keep up the diau^it. 1^ 
application of gaseous favA. was extendmg every day« The waste gasai 
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from the blast fdrnaoes were being applied for heating all the boilen, 
hot blast, ftCy and had also been successfully used for puddling. He 
considered that there was an immense waste of heat in puddling Air- 
nacee — first, from the high temperature of the slack, and the unused 
fUme that came from it; and, secondly, from the large amount of ashes 
which were always raked out in clearing the fire bars. This would be 
entirely obviated by using a mechanical draught, and converting all 
the ashes into a fusible cinder, in a fiimaoe of somewhat the same con- 
irtruction as a blast furnace, only on a small scale. The waste gases 
would require no slack, and might be consumed under the boilers at a 
diBtsnee.. 

Ifar. F. Tonag ssad the dengn described by Mr. Carrington was 
patatecL by Mr. Chanter in 1SS4. He thought Mr. Rumble's furnace 
vcmld piove effieaeioiis if sufficimi room waa provided to produce riow 
combustion. He agreed with Mr. Louch that Mr. WMtiams had thrown 
gre a t lig^t on the use of coal and ^e prevMitios of smeke. He did 
not think Juke'& furnaces were always efficient, as he^had frequmiify 
Msnv smoke issuing from the chimn^ of the works thai> supplied the 
foimtainn in^ Trafidgar Square with water, and how Juke's furnace was^ 
inueek. 

Hie CShairman, in closing ilie disciosion, observed that it was sueh 
an inqportaai subject tiiat h# hoped- some member would prepare a 
pi^Mr, and brmg the qoestioa again before the society, so that the 
discoaeioB mi^t be reaewed. 
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Jwne 2nd^ 1862. 
R RILET nr thb Chaib. 
ON MARINE GOVERNORS. 
£t Lewis Olrick. 

The author having shortly recapitulated the theory of a governor, 
proceeded to give the history of the gradual introduction of marine 
governors, and mentioned the different governors brought more 
prominently before the public, and pointed out their merits and demerits, 
according to his experience. 

The first governor ever invented for regulating the speed of steam 
engines was protected by an English patent, in 1784, by James Watt;> 
and this invention has been used up to the present date in almost the 
same shape as Watt gave it to us (see Fig. 2). This is the common, 
centrifugal or conical pendulum governor, which consists of two equal 
and similar revolving pendu^mis, turning about a vertical axis, which 
is driven by belts or gearing from the crank shaft of the engine. The 
only difference between this governor and a common pendulum is that 
the pendulums in the governor revolve roimd its axis in a circular 
horizontal plane, and the common pendulum vibrates backwards and 
forwards in a vertical plane. They are, however, both subject to the 
same laws of nature, and must be calculated in the same manner. 

The length of a pendulum vibrating seconds in London is 39'1393in. 
The vibrations of pendulums are as the square roots of their lengths ; 
thus, to find the length of a pendulum for any given number of vibrations 
in a minute, we get — 

When n = nimiber of vibrations in a minute. 
2= length of the pendulum required. 
»: 60=>/391393:>/i.~ 
^,^ >/3"9^x60 ,^^— 
n 
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For instance, if we want to know the length of a pendulum tiiat will 
make eighty yibrations in a minute, then we get in the same way — 
80 :60 = n/ 390398 :>/r~" 
^^>/89^393 x 60 ^^.gg^ ^^j- 
80 

Consequently, I = 4-692' =; 22 016in. 

The length of the pendulum correRponds exactly with the vertical 
height h of the governor. Thus, for every vibration from a to 6 and back 




again, to a, the governor makes a whole revolution (see Figs. 1 and 2.) 

We thus see that if the vertical height of a governor is equal to 
39'1393in., the governor will make exactly thirty revolutions. 

From the above we get the following formulae* for calculating the 
main points in a two-ball governor. 

Calling A=the vertictd distance between the point of suspension 
and the plane of revolution of the centre of balls 
in inches, 
r= revolutions per minute, 

Z= length of arms in inches from point of suspension to 
centre of ball, 

* These formulae appeared a short while ago in a letter addressed by the author 
to the Editor of Ttie Sngineer. 

H 
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tliea w© get r 

In the application of goyemors for eteam engines we must always 
tar in mind th* Mitlrdy diffimot droonurtfinoea undar whidi a land 

under diifor«it elmmatanoes, oanaed by the one working on bad and 
the othev^«n board ship, still there is one main point which the author 
called particular attention to, aa it must never be lost eight of in 
daaigning and conatnioluptg a governor, and thia point ia oonunoa for 

oeH/ng form iippotimg «a«l elkr* IKdlW Hit eondlMoii is ftdAd 

in the apparatus the author maintained It was no goTemor.. I > 

In the case of land engines it must be remembered that thejre is 
always a heav^ fl|;-wheel attached to the for r^ulating the s^iBfA 

ii|ltiBfyt9fiif Honlagiiaiftlii* Mil mmmi^ limi ^ lesislaiidi 
at onoe !■ inereased beyond the aTerage. *Ph» fly-wheel is by itself a 

regulator, but aa it only removes minor irregularities, and does not 
confine the engine within a certain number of revolutions — as the speed 
of the fly-wheel might be fnereaead alaioAl iiifin$ls^f--A dUbrwl me^ima 
k tlmiote rtfairid to liigtdtfle tibe «igfaie more correctly. This Is 
Ibund In Wattfs gtnremor. Ttom the Ihct, however, that the fly-wheel, 
with its heavy rim, resists any sudden alteration in "speed on account of 
its inertia, and the same being the case with tjy^ 9^^ t]^ gpyeco^l^ 
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it will mmOy iM^peiwlyed<hrttfai»g ai ^ru orwa i no* set inM te tmwuriy-* 
as, for iiii*nee> SlemaiHr nqgte pendulum goTernor doM— but for all 
pnwtiakt pwi pow it k genvraUy Buffie!eiit» and hence its umTenal 
applks«li<m. 

The two eonstantiy aeting and oppoeing foreee are in this case, the 
c«o*»ifagal feroe and the eentripetal force (or force of grayity) the Urtter 
one making it necessary always to give the axis of the governor a fixed 
'vevtical pontifXBy otiierwise the force of gravity will be inactive. 

Having mentioned the land governor as much as necessary for the 
purpose of this pax)er, the author passed over to marine governors, and 
pointed out the main features which constitute a marine governor, as 
follows : — 

In the first instance, as mentioned above, two constantly acting forces 
opposing each other, must always be maintained; secondly, the governor 
must not^ be affected by change of position, from the pitching of the ship 
in a rough sea way^ as it would otherwise work the thxx>ttle valve at 
times when it was not required to do so, and on the other hand, neglect 
to do it when it ought to; thirdly, it should as much as possible 
^ork without fricton, as the sensitiveness of the governor else, will be 
considerably impaired ; next, its action ought to be instantaneous, 
considering the sudden jeiks and the violence with which the engines 
often fly round, on account of the sudden disappearance of nearly all the 
resislaiice, tmtd having no heavy fly-wheri that would, je s i s fe the sudden 
Btaiir or nKing ef the cnguns% and store u^ tiie power now useleisiy' 
^^cnded. It is for such cases that we ought to provide, and consequently 
th|||;,|^(iii^ is nitiMv impartaat».asthe inatentaii«eu*ahutting.o£the valw 

\m t« ilw^ shspi But equally important to this is the instaiitniimfiiBi 
opeakig of the valve, as^ tdie engines else might be brought to a stsadstill 
befors the steam was again admitted after once shut off. 

When it wM-foui^ neeessacy to adopt s<»ue»|nesaifor regulatuig:i^e 

qmd < f — fc w li^fti ■ t i n i wtwmm tswili i Tl igB nww mm &ui^mftmil^ 

hnk it wsuB soon found to be very defoetive in its action ^ and it beiagf 
affected by change of position, from the pitching of the ship in a rough 
sea, it is clear, from the peuduloiis uature of tlie conimoTi governor, that 
it would not act properly on account of the motion of the vessel (It 

B 2 
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was here ahown by a model how the balls would work the sliding sldeve 
when the governor was tossed up and down, as in a ship pitching in a 
rough sea.) Hence various schemes have been proposed as a substitute 
for the common two-ball governor, amongst them one using a float or 
swimmer (as used in ordinary land bdilers) outside the ship, intending 
to open or shut the throttle valve according to the height of the water; 




the incompleteness of this apparatus caused it to be very quickly 
abandoned. Another method was a hollow tube partly filled with 
mercury (Fig. 8). The pitching of the ship caused the mercury to flow^ 
, either to one or the other end of the tube, and thus opening or shutting 
the valve, simply on account of the weight of mercury depressing 
either end, as the case may be. The tube was placed lengthways in the 
ship, and quite horizontally, so as to have the mercury balanced when 
the ship was in a calm sea. This invention, as well as the next 
mentioned— the single pendulum governor — failed, although theoreti- 
cally corriect, on account of the irregular action of the waves on the 
movements of the ship. For instance, it happens often in a following 
sea that, although the stem of the ship is down, still the greatest part 
of the screw is out of water, and vice versd. The consequence of the screw 
being pitched out of the water is, of coiu^, that the engines race or fly 
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round at a very great velocity — sometimes even at the rate of doable 
the number of revolutions, compared with the usual speed. It will 
thus be seen that these two kinds of governors cannot be depended 
upon, as they often open the valve in fiUl where they ought to shut it, 
and wtee vertd. 

The single pendulum governor consists only of a suspended pendulum, 
which is at liberty to move in a plane, parallel to the keelson of the ship, 
and thus its action is only dependent on the pitching of the vessel, 
which, as shown above, is not satis&ctory. The rolling of the ship has 
no effect upon it whatever. 

Another invention, whid) might be called the hydrostatic governor 
(Fig. 4), is correct in principle, but its introduction has been prevented 
by several practical difficulties. It consists of one or two cylinders, 
placed at or near the stem of the vessel, in a line with the shaft, one 
end of the cylinder being in direct conmiunication with the sea by means 
of a Kingston valve, the other end being left quite open. The action of 
the governor is as follows : — When the water partly leaves the stem the 
spring applied on the top of the piston forces the piston down, and at 
the same time closes the valve ; and, on the contrary, when the stem 
is deeply inmiersed, the water forces the piston upwards against the 
pressure of the spring, and thus opens the valve in fulL One of the 
principal objections to this instrument is the necessity of cutting one or 
two holes in the side of the ship, as it could hardly be expected that a 
shipowner would go to the expense of docking his ship for the sake of 
introducing a governor ; it must, therefore, either be applied to a new 
ship, or wait till a necessity occurs for docking the ship. 

The above-mentioned instmments, except the common two-ball 
govemor, all belong to a class of regulators which work entirely 
independent of the engine ; and perhaps that is the main reason why 
they have not given satisfaction pratically, as, according to the author's 
opinion, nothing but what wiU follow the movements of the engine very 
minutely will be efficient or able to do its work properly. 

llie kind of govemors next described differs in this respect from the 
former, they being all driven direct from the screw-shaft by means of 
gearing, belt, or rope 

The oldest of this kind of marine govemors was invented by the 
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M^r Bnml in 1862. After the ommou iwoMl «pw»or vm tot 
found vei7 dafeqiUTfl in Its m^tiq» in «b)p8, on ykooounft of being 
ftffiactod by the pitching of the wemii, it wee mede use of bj enbetituting 
the spiral lapring for the force of greyity, and by extending the UbIes 
beyond the arms of the common governor, and applying bells at the 
ends of these new ecms (Fig* 5). The object of this JMyangement was 
to torn a baknoed govemor, but the inventor did not suooeed in 
gaining this pointy as the practioal application of it proved to the 
contrary, for the pitching of the ship had the same efifoct upon it as 
upon the common two-ball governor. (It was shewn by e model hew 
this instrument was a£foeted by being tossed up end down hike * ship 
pitching in a rough eea.) Thiei[0¥ernor wna fitted to the OreatSastevn, 
hut since taken out again and iteplaeed by one of Silver's baUnoed lour- 
hall govemore. 

It need hardly be said that several parties have tried the conunoii 
iwo-ball governor (See Figs. 6 and 7), subetiivting m t^^vml v^twg for the 
force of gravity, which was lost by piecing the instrument boriecwita]^ ; 
the pitching of the ship, lu^evei^ affected the action of the inatnwient 
so seriously «t the time when iit was moet wMied that it ma foon abm- 
dened. 

The principal cause of thif d^iet in the instnunent i« m- 
counted for by the governor not beiog htt]eiioed# inriHii^ caee lit wonld 
not be affected in any way by the motion oi the ship. The latest 
lypplication of a two-bidl go¥em<Nr, which is identical in prinrij^ with 
the last illustration <Fig. 7), is Porter's governor ^ig. 8), i^wsk ham 
been patented in this country under another name. (The liability of 
this ini^rument to be effected by the pihohing ^a vesael was illustrated 
by a model.) 

The first governor which was belenced WM invented by Mr. Silver, 
it (Fig. 9) had only one arm, extending equally on each side of the 
spindle, with a heavy ball (m either ^id. When «t rest the spring 
forces the arm in the same direction as the i^fundle, but being set to 
work the centrifugal force drives the balls out and tends to place the 
arm at a right angle with the q>indle. Thus Ur the instrument is 
right enough as a governor ; but the fiict that the balls when in motion 
continue rotating in the sane plane, while the spindle alters its pod- 
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tion, makei it unfit for marine purposes, because by any alteration in 
the position of the spindle the governor will work the throttle valve 
without any reference to the change of speed of the engine ; hence the 
necessity of adding another arm to balance the first one, each correct- 
ing the other one's motion. This improvement perfected the governor 
thus far that any variation of speed of the engine was followed by a 
change in position of the throttle valve. This was the first practically 
balanced marine governor so well known amongst marine engineers as 
" Silver's four-ball governor'* (Figs. 10 and 11). Being entirely balanced 
the pitching of the vessel has no effect whatever upon it, either placed 
vertically or horizontally, the latter position, however, being the one 
usually adopted. 

The great difference between this governor and Brunei's is that the 
last one, placed vertically, is still a governor without a spring, although 
not a marine governor, whereas Silver's is no governor at all without a 
spring. 

Although the difficulty of making it perfectly balanced had been 
overcome in this governor, and it was thus far completed, another 
difficulty, not thought of before, arose. When the racing of the 
engines is very abrupt the inertia of the balls of the governor resists 
the sudden start, and causes the gearing to break or the band to slip 
on the pulley at times when a perfect action is most required, and in 
either case failing to shut the valve at the moment it ought to be done. 
This is the principal objection to this otherwise perfect marine go- 
vernor. In later instruments, invented by the same gentleman, this 
difficulty has been avoided. The first of these is the well-known " fly- 
wheel governor," in which the balls are replaced by a fly-wheel turning 
loosely on the spindle within limits (Fig. 12.) By this arrangement 
the inertia of the fly-wheel will resist any sudden change in speed, and 
thus allow the spindle to turn in advance of the main or heavy portion 
of the instrument, and by its direct connection with the throttle valve, 
close the latter to whatever extent the nature of the case may require, 
the inertia or retarding tendency of the body or heavy part of the 
instrument being in this case, by resisting the sudden start of the 
engine, the direct and efficient cause of action ; and we shall thus 
find that the inertia of the heavy part, which in the four-ball governor 
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was a fiftolt or vice, becomes in this governor a virtue. The momentum 
of the fly-wheel in combmation with the force of the spiral spring are 
the means through which the instantaneous opening of the valve is 
attained. Various means have been adopted for transmitting the dif- 
ferential speed of the q>indle to the fly-wheel, but in the case before 
us the motion is usually given to the wheel by the use of a spring* and 
through the means of two quadrants and a small bevel wheel fixed to 
the fly-wheeL It will thus be seen that any sudden start of the engine 
acts instantaneously on the vahre and shuts it^ at the same time that 
all the force of the sudden jerk is taken up by the spring, and thus the 
breaking of gearing and slipping of the belt is entirely avoided in this 
instrument. The spring being thus loaded gradually gives o£f this load 
partly to the fly-wheel by endeavouring to increase its velocity^ and 
partly to opening the valve again. The wheel, however, amim^mmm 
means of limiting its speed and balanmi^ it».m» Mmm,-WM^^wnmSi 
otherwise nm anyhow, and lose flotirdy aU its power as a regulator. 
Thii Is ■qiiiiiil lij pladng four £eais of a suitable size in a radial posi- 
tion to the spindle. As now the vii viva of the fly-wheel increases as 
the square of the velocity, and the resistance of the fims to the atmo- 
sphere also increases as the square of the velocity, it will thus be seen 
that those two forces balance each other. 

The diflforenoe between ttke fly-wheel governor and itB fonr-ball 
governor is, that the last one limits the position of the tibvottie valve 
direcUy hj keeping its position aseording to the oentrifiigal force, 
whereas the fly-wheel governor doas it indireeUy by fimllang the speed 
of the fly-wheel by using the fans. 

Since this first fly-wheel governor was introduced Mr. Mver has 
made several others, difiering only in the mechanical contrivances for 
transmitting the motion of the spindle to the fly-wheel, but all of them 
maintaining the features necessary for a perfisct marine governor. The 
one illustrated by Fig. 18 is, however, fi\q>erior to any of the others, 
because it is here within the power of the engineer to regulate the 
speed of the engine under full sjpeed, by either tightening up or slack- 
ening the spring. In the first case the speed is increased by the spring 
keeping the valve more open, and in the latter the speed is diminished 
by the spring allowing the valve to be more readily shut. All the 
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other goyeraon must be thrown out of gear and stopped before the 
engineer can tighten or slacken the spring, and thus regulate the speed 
of the engine. 

The next marine governor mentioned was Mr. Silver's improved 
four-ball governor (Fig. 14.) The improvement consists in introducing 
a loose pulley on the spindle, by which the sudden start of the engine 
is transferred direct and instantaneous through bevel wheels to the 
throttle valve, and thus the inertia of the balls, which in the first one 
caused the gearing to break or the band to slip, is not only no fiiult 
here, but even a virtue in assisting to shut the valve in combination 
with the centrifugal force of the balls. 

Other similar combinations have been used by Mr. Silver — ^for in- 
stance, the combination of centrifugal force and the inertia of the balls, 
resisted by a spring, in which case the balls rotate constantly in the 
same plane, at right angles with the spindle. This governor has, how- 
ever, only two balls. The patent for this invention combines abo the 
use of a fly-wheel. Another governor with four balls, by Mr. Silver, 
contains the combination of centrifugal force and the inertia of the 
fly-wheel in resistance to a spring. 

All of these governors, however, fulfil the conditions for perfect 
marine governors, pointed out at the commencement of this paper, and 
they have been largely introduced in the mercantile navy of this 
coimtry. One fly-wheel governor, patented in 1857, was soon aban- 
doned on accoimt of the amoimt of Motion to be overcome in working 
it, and consequently the sensitiveness of the instrument was greatly 
impaired, and the tendency was only to act properly when a sudden 
start occurred. It consisted of a fly-wheel loose on the spindle, and 
attached to the fly-wheel were two inclined V-shaped planes, against 
which worked two corresponding inclined planes, provided with friction 
rollers'; but although it was a true marine governor in all other points, 
and the planes were supplied with friction rollers, still the action of 
the instrument was so imperfect, on accoimt of friction, that it was 
not thought advisable to apply it. 

Besides the above-mentioned centrifugal and fly-wheel governors, 
Mr. Silver has invented two kinds of marine governors on entirely 
difierent principles. The firat kind consists of a pulley worked by the 
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large engine, and turning loose on the spindle of the govemor. On 
this spindle is fixed a cylindrical boss, provided with spiral grooves, by 
which means the throttle valve is worked. At the end of the spindle 
is a fly-wheel and a crank, which is worked by a small steam cylinder. 
It is by this small cylinder that the speed of the large engine is 
regulated, because as soon as the large one overruns the speed of the 
small one, the valve is immediately shut by the spiral groove forcing 
the sleeve back, and vice vend. Another modification on exactly the 
same principle has also been patented by Mr. Silver, and differs only 
from the former in the mode of working the throttle valve. Thus it 
will be seen that the large engines can be regulated to any speed by 
the mere turning of the cock admitting steam to the small cylinder. 

The second kind of govemor is the so-called pulsating governor." 
It consists of a common conical valve, placed in the steam-pipe in such 
a manner that the pressure and velocity of the /steam entering the 
cylinder tend to shut it, and the spring on the reverse side tends to 
open it again. As the speed of the engine increases the valve closes 
more and more, and vice versd, and thus effects the regulation of the 
engine. 

During the last two years several other governors have been in- 
troduced. 

The first one is a fly-wheel govemor invented by Mr. Meriton 
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(Fig. 15.) ft consiiits of a fly-wheel to which is attached a small cylin- 
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drioal: boat two* iqiinl groom out one in: owk ndo, And in tt«e 
groovM work two studs fiud on mio end of the sliding sleore, wbick 
follovs ihtf mofOONnt of tho apiiidle, driyen, as usnaUy^ a band 
fronLtho aarow ahftft. Now aa the fly-wheel is allowed to torn looea on 
tho apadle, lo aa to act by ita inertM, any audden atari o£ the engiAe 
wil wnwediat aly ahuk the iralme, and thereby oanj the etuda to. the 
tetheat end of groove. When onoe anived thwe it would reqims 
tome oontrmooe to replace them in their first poaition^ and ihereby 
open the lalre again ; bat thia ia left out in. thia govemoiv and thna it 
will be seen that the inventor haa left out one of the nasi petnti ao 
naamtial ia govesnflca, Ti&, alvaya to matnt a in two oonafaantly actibg 
foroea c^qpoaang-ea^othec Another pouift whkh haa been menUoiied 
before haa beat omittedia thk instrument, via., a counterbalanoe to the 
mm vtm in the fly*whiifl, heoanso if tiiere is not a lesistanoe thai inr 
esaaaaa eqnallg^ aa modi aa the mi* vivm iji the fly-whed doea^ Ihe fly 
wbaai caa be made to inereaae ita epeed an^ow by^ a gradually in^ 
eaeaamg forehand thus, the governor loses aU its regulating power, 
becawBO the throttlo vahre remains open, al^ougk it ought to be ahat- 
The next instrument described was Miller and Knill's goyemoe; It 
oeoaists oi a fly-wheel, to which is attadied one^half of a eyiindncal 
boss; the other half of this boss, which also forms the sliding sleeve, 
ia aBowed to move loogitiadiDally on tho spin^, bat follows its 
rotating motion, whereas the fly-wheel with the first half of the boss 
is loeaa on the qiindle. The boss is eut in two halves at an angle 
of about 6Q degrees to the direction of the spindle. The fork lever, 
which is woiked by the sliding sleeve for the purpose of opening and 
shutting the throttle valve, is provided with a weight, intended to 
force the onahalf . of the boss up against the other half attadied to the 
fly-wheel, so as to^ rej^aoa il in ita first position, when pushed back 
by the actssBLeC l^gpiwrnat^ The objaetioato thia jqiglBnfcmn of any 
weights for such a* purpose as this, is, that, the pitching of a ship will 
often interfere wB^ the force of gravity of the weighty and thus open 
the valve when it ought to be shut, and vice verad. The action of this 
instrument is the following : — ^As the fly-wheel resists by its inertia 
any sudden change of motion, the one half of the boss will be forced 
bad^by tho other haU attadied to the fly-wheel, and thereby cause the 
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to he sbui; it is aftMrwMrd» ^peaad a^un by.tha w^bt^ This ifl 
the case when any sudden starts occur, but when the increase of speed 
i« gradml the weight on the fixrUAvw wiU preas thoaa two slanting 
surfMoa of the boss together, and thus £ul to shut the Yalve whea 
it ought to. In this governor a oonnyberbalanoet to the vU vwa. of tha 
fly-wheoLhaa alao been ondttad^ and thua the regulating power. «f tb* 
iwAnunent iagr^wtlj ioapairtdby being at times aUowad ta ciia a^j 
anyhow. 

A gov«r«0r. IMj intcoduoed is Porter^% illustratad. by Fig, 1$. 



This mstmment is simply a comofeoiL two^biaU: govjaiMV plaoad horir 
sooU^y with th^ links, tusaed upwards instead. o4 aa usually^ down- 
waardsv aBd: provided with' a spxisg as a subsAitute for the foreft ot 
gmrity- reaigtiBgj or batenoittg the eaphafngat aetioo of the baHs. Being, 
a two bidligOT«nifir,.aiid.Bot in. anyway bdanfied, it. wiU) to a ceiitaaa 
extent, be afifected by the pitching of the ship, and thus.itSL tme aetioa 
as a. gievecnoc be impaired. Aaotikei Mk wl thi* goT^roor ia the 
ioectia oi the JtmSk xesuting any sstddflft start ef engtnas^ and thnstr 
cattooig thAigeariog to break or the band to idip at ttmoft when moat, 
required,, and in eitbec casa, feiii&g to shut the vtls^e as promptly as. it 
ouc^t: .t0 yimimk ik9 engines from racing. This objection, becomes 
mQWt seBKWft with a govemcs that, is intended to run at the mta of 300 
to 4CK^ reT>olut»)i» per minntfti 

After haying meutifin^ the diffeewit govmocsL that bid coma 
voidatt theauth$(«!fl notiiia, he Jna^y calM attention to the benefita t» 
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be derived from the applioation of a perfect marine governor in a ship, 
as follows : — 

In the first instance, it allows the engineer, in a gale of wind and 
a rough sea, to attend properly to the working of his engines, which he 
must necessarily neglect if he is obliged to stand by the throttle valve, 
without being able to move from his post, as he might otherwise cause 
a break-down ; and, though he may try and do his best, it is impossible 
for him to shut ofiPand open the valve as promptly as the governor does 
it^ in fact it only allows so much steam into the cylinder as can be 
usefully applied by the engine. 

The next point to be considered is the utter impossibility for 
the engines to race when the screw or paddles get out of water, 
at which times the engines, supplied with a governor, do not exceed 
their usual nxmiber of revolutions by more than one or two. The 
saving by preventing racing is acquired in different ways; thus, 
it will be observed that, during the racing of the engines, the parts 
are often so overstrained that they break down, and, at any rate, the 
wear and tear is enormous. Likewise the saving of steam is con- 
siderable, sometimes about 10 per cent, in a heavy gale, which will 
be evident when it is remembered that all the revolutions made while 
the engines are racing and the screw out of water are merely a waste 
of steam, as they do not propel the ship. 

All these evils can easily be avoided by applying a perfect marine 
governor, the cost of which will be repaid to the owner of steam-ships 
in less than six months by the decrease in his coal bill, and his bill for 
repairs in the engine-room, and likewise by saving of time in which the 
ship will make its voyage. 

As a proof of the correctness of this last assertion, the author 
mentioned the Tasmanian, belonging to the Royal Mail Packet Com 
pany. This screw stecuner has often been obliged to lay to in a heavy 
gale, for fear of breaking her machinery on account of racing, but 
since she was fitted with one of " Silver's fly-wheel governors," she has 
been able to continue her voyage imdisturbed, as the engine main- 
tained almost the same number of revolutions, whether the screw 
was out of water or deeply immersed. Many similar cases have, come 
under the author's notice in regard to other ships, where a couple 
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^ ^yn haya bM Mkred on a rayt^ of ton to olovflii dajiT dunition In 
a heavy galo of wind» bj iho appliontion 6f a inroporlyoonstruoUd 
marine goravDor. 



Bepiember Itt, im 
E. RILEY IN THB Chair. 
ON MARINE GOVERNORa 
By Lewis OlbIok. 

DISCUSSION. 



Mr. Perry P. Nuraey opened the discussion by assuming Mr. Okick's 
data to be correct, from which it appeared the main features of a marine 
goremor were tilie maintenanoe of two constantly acting forces opposing 
each other, the absence of all influence upon the governor from the 
varying position of the vessel — the reduction of friction to a minimum 
to ensure the s^isitiveness of the apparatus, and instantaneous action 
upon the throttle valve both in closing and op^iing it. But in design- 
ing a machine to effect these objects, he observed, there were other and 
equally important considerations to be kept in view, viz : simplicity and 
economy of construction. It was essential also that the engineer should 
be able to regulate the speed at which the valve was to be opened 
by the governor. Complex machines might do their work well, but 
were more liable to derangement than those of a simpler character. 
The former were open to the further objection of increase in first 
cost and maintenance, whilst the latter secured opposite results. 
The chief objection to Silver's fomr-ball governor (No. 11) was, that 
the balls did not expand sufficiently quick, therefore the instan- 
taneous action was absent. No. 12 appeared designed to remedy that 
de£Bct, but was more complicated ; and, notwithstanding the theory of 
the necessity of affixing vanes to the fly-wheel, practice had evidenced 
their inutility. If they were not necessary on Meriton's, or on Miller 
and Knill's, why were they required on Silver's fly-wheel ? Although 
0Gcup3FiBg a large space in the engine-room, the governor appeared to be 
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a Yery effective one, but was ezpenuTe and Hable to damage by sudden 
strains, by which the tooth-wheels and seotors might be injured by strip- 
ping. No. 13 appeared to be a very good governor ; but the principles 
of its action being boxed up from sight, an opinion of its practical value 
could not readily be formed. In No. 14, Mr. Silver appeared to have 
combined the action of Nos. 11 and 12 with the intention of allowing 
the valve to be instantly closed, but retarding the opening of it, as 
explained by Mr. Olrick, but it did not appear to be in the power 
of the engineer to regulate the speed with which the valve should 
open. The next apparatus described as being worked by the diffe- 
rential action of a fly-wheel, and a small steam engine in connec- 
tion with the main engine seemed a good arrangement, but carried 
with it the disadvantage of being complicated and expensive. In Mr. 
Olrick's description of Meriton's governor (No. 15) he seemed to have 
fallen into an error respecting the opening of the valve. Supposing 
the machine to be in connection with the engine, and running at the 
same speed with it, and the studs being at one end of the screw-ways 
and the throttle valve open, any excess of speed on the engine would 
immediately act on the studs and cause them to slide in the screw- 
ways, thereby closing the valve, the steam being then shut off, and the 
speed of the engine and spindle of governor having been consequently 
reduced, and the momentum of the wheel continuing, the screw-ways 
then acted upon the studs and returned the sliding-collar to its original 
position, thereby opening the valve. There however, appeared to be 
the. same defBct in this as in Silver's No. 12, viz: the sliding-collar 
being geared to the wheel: by means of the screw-ways and studs, there 
were no means of regulating the speed at which the throttle valve 
should open. It might, and indeed did, act instantcmeously in closing 
the valve, but did the like in opening it. Miller and Knill's governor 
had been imperfectly described by Mr. Olrick. In the diagram which 
Mr. Nursey exhibited (See opposite page A was the momentum-wheel, 
the boss of which was formed with an inclined face on one side and a 
stop on the other ; B was the shaft on which the wheel was loosely 
fitted ; C was a sliding-collar which worked on a feather on the shaft B, 
and acted on the lever D, firom whence the connection was taken to the 
throttle valve. The spring E was for the purpose of returning the lever 
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and oonneotioni to their origiiial pontion and openiqg the throttle valve. 
An important feature in this invention was the arrangement of atops, 
which Mr. Olrick appeared to have misunderstood. Bj the stops the 
motion of the fly-wheel was oontrolled, which control was obtained by 
fonning a stop F on the boas of the fly-wheel equal to a quarter of the 
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area of the hc6 of ilie boss, and also a stop G of similar proportkms on 
the fiice of the driTing pulley at H, which was keyed on to the shaft 
by which the wheel was free to turn to the extent of half a revo- 
lution, and also admitted of its acting on whicherer rade of the inclined 
boss and collar it might be set to act on, but confining its action to that 
side only, and the apparatus was adapted to either a right or a left 
handed engine, according to the position in which the driving pulley H 
was keyed on to the shaft, for which purpose two keyways were cut. 
The action of the apparatus was thus: — Motion from the engine being 
commwwMed to it thsoogh tiUe driviai^ puUef aay aeGesalim ef 

spetd^ mMcm ei ^l»jitmBhmm» ■aediirtcd while the inertia of 
the wheel remidsing the same, allowed the shaft to peffbtm a partial 
revolution through ita centre, and, by means of the face of the sliding 
collar acting on one side of the &oe of the wheel boas, the collar was 
foroid }mi^kmiiiM. iMBtet ^ ISm «fcapi 9 moA % wwM aoir 
se«Ki» it ao^ to ^bm& ^ IndiMd §mm wmM be liable to omw 
ride eacli oHiiTi and bo allow the relre to cfpen belbre the proper tlmey 
but by means of the stops, that wiia oljviated aud the correct action of 
the apparatus eiiflured. These governors had been fitted in v&rious 

F. a Wt^Mt said it appeared to hia Hmtt 1i» ^k^mm IM 

although Miller and KniU's governor might be an eflkieiii <»nd ibr most 
practical purposes, it certainly was not a perfect one, for this reason, 
that although upon sudden acceleration or diminution of speed, the 
throttle Tabft would be shut or <^ened, nevertheless with a gteSml 
altetttlloaib^l^thethrotUt Tijlie wouU Mm emr 

sidered ^hat ft perfect mar!n« governor miist Itee^ €hd mi^h^B set a 
uniform definite speed. And if it was desired to prevent the engine 
getting any gradual alteration in speed, a marine governor must have a 
fan o« tomething equivalent thereto, tliat would aflbiii m fapEOMad 
reiisteM Mi tibe speed inereaaed* 

M& Lottdh stated thst Tftne» luid 1^ m Hr. lfatlon% 
governor, but had not been fi^nnd of Boffieteft psfte^otl mlae to 
warrant their uae. 

Mr. Glynft MAi H had-not been clearly stated whether Messrs. Miller 
and Kmll's governor would work most efficiently with or without i^e fiui& 
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Mr. C. L. Light did not think the fens «n advantage, aa thej aeted 
hj displaoement of the atmosphere, and the only way to rataid the 
velocity would be by so arranging the fioia as to preaent an araa 
increasing in the same ratio as the speed accelerated. 

Mr. R G. M. Smith had no doubt that the spring in Miller and 
Kni^'8 governor would open the valve, but considered it insufficient to 
work it practically. With reference to the fiuas he considered the 
differential velocity was much greater with than without them. The 
acceleration of speed would, in a ship like the Great Easteni, perhaps 
be only decimal upon the velocity of the engine. If the governor 
could not regulate an increase of revolutions it would take up the 
velocity of the ship. In short vessels the action being violent wqM 
be correct. 

Mr. Miller said that his governor could be regulated to open quickly 
or slowly according to whether there was a stem or head wind, and 
wotdd woiiL efficiently in any ship, no matter how large. But as far as 
the efficiency of the governor was concerned the action was quite as 
true by a proper weight in the fly wheel as by fims, all that was 
required was a sufficient weight to prevent any additional speed on the 
engine. The form of spring used by him was adjusted to regulate the 
action of the valve^" to suit the quick or slow motion of the ship as 
required. 

Mr. F. Young observed with reference to the sensitivenesa of 
governors, he had made some experiments with Silvers* governors, 
and found that if the engine was calculated for say 80 strokes per 
minute, and it fell one revolution short the throttle opened. If the 
revolutions were exceeded by one the throttle was dosed. No marine 
governor equalled that of Silver's latest arrangement. 

Mr. (Hrick, in reply, said he knew when he thou^t of preparing 
kis paper that it was upon a very difficult question, and a subject 
of much litigation, therefore, he detenmned to write a papw that 
would be impartial and exhibit aU kinds of govemcns, with the view of 
exchanging opinions. In answer to Mr. Nursey's remarks, which came 
entirely under the head of mechanical arrangement, all he (Mr. Oliiok) 
could say was that if one governor was carried out according to a 
certain mechanical arrangement you could patent that arrangement, 
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and another arrangement oould be as easily patented ; but these were 
points which lawyers had to decide. He would merely go into the 
question scientifically, and the opinion he gave was the resuH of 
five years' experience on board ships, both wi^-and without goyer- 
nors. He thought there was no stability with regard to the remarks 
that had been made about cheapness, for every one would admit 
that although a Dutch clock was much cheaper than a chronometer, 
no one who wished a good timekeeper would prefer the former for 
the latter. It was not the question whether one governor cost £5 
or £20 less or more than imother governor, tiie question was what 
tMolli W0ald bt mMmA Ibf Hi mt^lf^^mmri^ m tm^ ikm 
manager of the Peninsdlacr and Oitoital Oompaay, MMnsaled l&il a 
govenior wliicli cost, say £170, paid for itself in less than six 
mouths, aurl that was only the saving it eflFected in the coal bill, 
and wear and tear on the machinery, without reckoning all the 
saving in time effeoted by the Testel going through the water at foil 
■peed. Mr. Kmegr nuide a remtA aboitt Kbh 11, tifti H wm 
Bufficiently quick. Now that was perfectly true, but if Mr. Nursey had 
read his paper carefully, he would have seen that he, (Mr. Obrick) pointed 
out this fault. It was in consequence of ^ilt toU that Mr. Silver had 
another amngement^ called the fiy-wheel gtmamcp whioh wae similar 
to thftt rdtesed to lij Mr. Beyiidld& He eoiild meiiti^ a gmm^ 
(one of Sitflt% %wlitel governors) that had been fitted in a ship 
and not used for some time, simply because the engineer was averse 
to iiie use of patent inventions, although the engine would some- 
MiUM imike 120 to ISO revolutions, the ueoal number being 75. Suh- 
nxUMWifly, htf i ffi g f MOoaA engioiir hm ippotnleii ehW eaf^sMMv 
the governor wa« i^flMf mA tlie oooiequenoe was that in a gale of 
wind the engine never exceeded 76 revolutions, and considerable 
time was saved by the use of the governor. Another case he might 
cite was that of the Boyal Charter,*' which was lost on account of 
Boi Hum im malSbm tlmmm «f m boM "^tkkit 
tA m gOfMQt, aad |l» eame mMf ii^ Liverpool So 
Miat there oould be no doubt iiie little ship was saved by having a 
governor while the large one was lost through not having one. He 
tiien gave the mathematical demonstration for the necessity of &&& 
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With respect to Mr. Nursey's remark about the No. 12 governor 
being liable to derangement on account of the toothed wheels being 
exposed, and his objection that in No. 13 the wheels were boxed up, he, 
(Mr. Olrick) thought it was apparently a tendency to find fiEtult without 
any real cause, as no accident of that description had ever come to his 
knowledge, although 185 of that description of governor had been 
applied. One single case had occurred where the teeth broke, but this 
was explained by the £eu^ that the engineer had not properly readjusted 
it, after he had had it disconnected This occurred in either the 
''brigadier," or the "Life Guard.** While referring to those shii>s he 
mi^t mention another thing. It had been stated that Mr. Silver's 
governor had been found useless, the proof of which was that it had 
been taken out of the vesseL But the reason why it was taken out was 
because it was more required in another ship, and into the smaller ship 
where it was not so much required, Messrs. Miller and KnUl put one of 
their governors. He next came to Mr. Nursey's remark about the 
model with stops and without stops. He, Mr. Olrick, thought the 
stops were useless. Mr. Olrick maintained that it was the momentum 
of the wheel that opened the valve, and the inertia that closed it. He 
agreed with Mr. Smith that without fetus the speed of the engine could 
be increased to any extent without having any effect whatever upon 
the valve. With respect to the adjustmg of the spring in Miller and 
Knill's govonor for long and short seas, he thought that this 
arrangement did not meet the requirements of a perfect marine gover- 
nor. In conclusion, he would only say that the object he had in view 
in reading the paper was to lay before the meeting what information he 
possessed with regard to marine governors, but very little known 
among engineers, and one that requirec^ some study and a great 
deal of practical experience before it was thoroughly understood, 
and thought it was a subject that should be impartially discussed, as 
each member woul^l be mutually benefited, and at the same time 
good done to the socieiy to which they had the honour to belong. 

The Chairman said that there had been a great diversity of 
opinion as to the merits of the different governors. There were no 
doubt special merits in some in which others were deficient. 
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October eth, 1862. 
K. RILEY Df THE Chaib. 
OH STSAH CAEBIAGE3. 

The application of steam to the propulsion of carriages on common roads 
is by no means novel, for it was tried, and to a considerable extent, proved 
•boomM, toiiM tUrtj ytm ago. It AppmrSf hifmpm, ftom tlie gnit 
«pp«iHte fttlli lBtra4aetloii, to aUmnd to tmfai ^enut At 

wM very recently. However, from what is being done in various parts 
«f lyi country, it may fairly be concluded that a move is about to be made 

kkmimrmion, 

11»sii^a«ld in treatliigthls emimt hi net fntend «nda£ liie 
htiiory of iBloftm osnti^'Qt td tSie {hi^hni^ ^3^9 op neordb^ i3l palflBMi 

that have boon taken out, but shoidd OlMltei Ifoiself merely to sndhts 
embody any new principle, or would aid hi any way to form opinions on the 
▼arious points to be considered. It is hardly necessary to add that traction 
•ngines could not be indaded, as, owing to their a^ead being slow, and 
lisvtiig to ^new §sbA iiofc oan^r, llift ( i tiviiimitinwii no oo jwitmriaU r idlHoi 
as to raoAir ll aliolslil^ mommty to dMwIt mmut vmfasg to 1M 
consideratloii. 

He then referred to what was done in former years by fItt'TVrfoafl OB^MHI 
of the time, and oomm^Dced with James' steam carilss^ 

lir. & J«iMt toii^ ool ft to ^ T^tor ItiA «» 
to atoam eanliipes, and aomal were constructed on his plan. The pecoHaii^ 
of ft was that he employed four cylinders, each pair being coupled on to ono 
driving wheel, the axle be nig divided in the centre. The object of this was 
to render each wheel independent of the other, to obviate the necessity of 
ihiQWtoif lito toaer mo «iit of g«ar utei tmsAt^ mmm^ maA «l mum 
time for both to be always 4i«ivtof« flio toOffaB of i^itegs Wfta allowtd 
liar by making the engines and tana, to iBUBodtoto orane^cai with them. 
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▼ibrate upon hollow axles provided wi^ stuffing boxes eonstitnting the 
steam and exhaust passages. These hollow axks were fixed to the main 
framing of the carriage, while the crank shaft mored up and down with the 
whedB. A few experiments were tried with these carriages, and it has beoi 
said tiiat they attained a speed of twenty miles an honr, bnt owing to the 
complication of the engines and the difficulty of obtaining a suitable boiler, 
they were far from being successful, and were soon abandoned. 

The principle of having four cylinders, one pair driving each whed 
independently of the other, has been more recently adopted in one of Bray*s 
traction engines, but the advantage gained was not found to compensate for 
the extra expense and wear and tear. 

He then noticed an arrangement of locomotive carriage patented at the 
end of 1826 by Mr. Frederick Andrew. One peculiarity is worthy of special 
notice — the mode adopted by him for steering. This was effected by a simple 
steering wheel placed in front of the carriage, which revolves between two 
lateral bars of a framing, which is a continuation of the under carriage or 
wheel plate. By guiding this wheel bymeans of a lever — which can easily 
be done as there is but little weight on it — the directien of the two fore 
wheels which guide the carriage can be altered. So great Is the command 
that this simple and effective arrangement gives over the movements bf the 
carriage that it was adopted by Mr. Gumey, and still more recently by 
Kr. AveiKng in his portable locoriiotive engine. Another novelty introduced 
by this Inventor was the use of oscillating cylinders, acting direct on the 
crank shaft, and placed in a h<mzontal position, so that th^ remained quite 
unaffected by the motion of tiie springs. Thb carriage, like many of the 
others, proved unsuccessful, owing to the failure of the boiler. 

ThA next experimentalist worthy of notice is one who attracted consider* 
able attention at the time<-**i>08Bibly more than any other, viz., Goldsworthy 
Gumey, who, being liberally supported by Sir Charles Dance and several 
other capitalists, built a number of steam coaches, and, after repeated trials 
and fkOures, ntoceeded in establishing a line between Cheltenham and 
Gloucester. 

Mr. Gumey, like many others, commenced by resorting to the agency of 
moveable legs striking out behind, in order to obtain the necessa^ adhesion. 
A Httle experience demonstrated the uselessness of them, and they were 
abandoned in fovour of direct acting engines, coupled on to the cranked axle 
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of tbe hind wheds. These carriages were at first employed as drags, the 
passengers being drawn in a separate yehicle, but ultimately the passengers 
and machinery were carried on the same frame. The arrangement of framing 
adopted by Mr. Gomey and most others who carried out the principle of 
direct action is shown in Fig. 6. There is an upper and an under framing ; 

FIG. 5. 




the engines are attached to the under framing, the passengers, boiter, &c., 
being carried by the upper one ; the object of this was to keep the body of 
the carriage well suspended, the engines at the same time always maintaining 
thehr proper position relatively to the axle. Sir 0. Dance ran these carriages 
regulariy for four months, four times a day, from Cheltenham to Gloucester! 
during which time they carried about 3,000 persons, and travelled 3,500 
nules ; the distance, which was nine miles, was performed on an average in 
55 minutes. After these carriages had been on the road a short time, the 
opposition began to grow stronger and stronger, and among the various 
means resorted to was a heap of stones about 18in. deep, laid across the road 
purposely, to impede the progress of the engine, which caused on one occasion 
the breakage of the driving axle. Bills were hastily passed through Parlia- 
ment, placing prohibitory tolls upon them, in some cases amounting to £2 ; 
this line was then given up, and we hear little or nothing more of the efforts 
of Bfr. Gumey. 

The author then noticed the carriage of Mr. Walter Hancock, of Strat- 
ford, who commenced his career in 1827. This gentleman was unquestionably 
fiir more successful than any of his competitors, for his carriages were very- 
superior, both in mechanical arrangement and workmanship, to any others 
that were then constructed, and considering the elementary state of engineering 
at the time, it is only surprising that so much success was attained. The boiler 
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oonasUd oi a aeries of flat panHel duunben to hold the water, aad pUced 
side by side at a eiiffieient diatanoe apart for the flame and heated air to pais 
up between them. Each of these flat yesseU extends across the furnaoe ; 
they were all comiected at the bottom for keeping the water at a uniform 
lerd, which was goneraUy finom one-half to two-thirds foil, and at the top of 
each was a steam pipe, which led into a larger one common to them all, hy 
which the engines were supplied. To keep these water chambers at the 
required distance apart, and confer at the same time adequate strength, a 
series of vertical bars were pUced between each pair ; these bars were some- 
times in a zigzag form in order that the flame should have to traverse a 
greater distance before finding an exit up the chimney. The lateral strain 
on the boilers was oyeroome by a system of very massive bdts^ which pass 
through the plates in one entire length from outside to outside. 

An increased efficiency was afterwards obtained by embossing these 
plates by pressing them hot between dies, which caused a series of hemi- 
qdierical bosses to be projected all over their external surfoces, so that, 
when the chambers were brought together, the tops of these came in con- 
tact, and thus a series of spaces was formed between them, through which 
the heated gases ascended in a devious course, impinging successively upon 
«ach boss. By means of embossing th^ in this manner, the lateral strain 
was taken equally well without the necessity of using solid bars, which in- 
creased the weight and reduced the heating surfsce. The chambers were 
generally made about 2 in. wide, with a space of 2 in. between each. The 
proportionate size of his bcnler, as compared with the engines, and weight of 
carriage, would be seen from the following example: — One of his carriages, 
called the Infant, having two cylinders 9 in. bore, and IfL stroke, had a 
boiler with 6 square feet of fire-grate, and 100 square feet of upright heating 
surface ; the plates were made of good iron | in. thick. With this the ave- 
rage working pressure was 100 lb. per square inch, and on some occasions 
had been woriced at more. The wdght of the carriage when fully loaded 
could not be estimated at less than six tons. It would be seen that this boiler 
was designed on first-rate principles, and would compare favourably with any 
of our tubular boilers of the present day ; in fact, it may be questioned 
whether, owing to their extreme safety, lightness, and facility of repair, 
they were not more adapted for the smaller class of steam carriages than any 
that are now being used. One advantage tliat attended them was, as no 
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danger eoM arise from the ezplorioo of asj one diendier, the wwASog 
•train on the pUtee might be brought much nearer their ultimate atrength, 
and ooneeqnent lightneia obtained. A fiui waa need to mge tiie fire^ tlie 
aah pan being completely caeed roond, except iriwre the month of the fiui 
waa attached. Thia kind of boiler jnst described waa the one that he need 
thronghont all Ids earriages, with merdy a liiw trifling alterations from time 
to time. With regard to the arrangement of the engines, Scc^ he tried 
eeyeral plans. The first carriage he oonstmcted was to cany four persons; 
it had three wheels, and was propelled by a pair of oscillating cylinden, 
coupled direct on to the one front wheeL The object of driving on to one 
wheel was evidently to fiicilitate turning curves. This plan was not deemed 
suitable for carriages of large size, but it was sufficiently successful, how- 
ever, for a steam carriage company to be started, with Mr. Hancock at their 
head. The following is a description of the class of carriages constructed 
fat this company : - In order to avoid cranking, the main driving axle, 
which was found in other carriages to be continually breaking, and also to 
allow conveniently fbr the play of the springs, an endless chain was adopted 
in prefisrence to direct action, a vibrating link being placed between the 
engine'shaft and the axle to take the strain caused by tiie transmission of 
power, and to preserve a unifbrm distance between the two. 

The driving wheeb were outside the framing, and ran loose on the axle, 
either or both being connected l>y dutches. These clutches were on the 
outside, and were furnished with levers for the stoker to throw them in and 
out of gear when turning curves. A little play was left between the 8t<^ 
on the dutches, so that a winding road might not oblige dther whed to be 
disengaged. The fkn was driven by a strap firom the engine shaft. In all 
Hancock's carriages the passengers were carried on the same firame aa the 
engines. The largest one he constructed, called tiia Autmnaton, was 
capable of conveying twenty-two -penaaa* 

The whole of the engines, crank shaft, pumps, and all the otiier parts, 
were supported on springs. The cylinder was arranged to work downwards, 
and the driving axle and crank shaft were geared to make an equal numlMr 
of revolutions. The steering wajs effected by means of a chain passing round 
a small drum and connected to the whed plate. Under cprdinary circnm- 
stances only one driving whed was thrown in gear, but, on slippery roads 
or steep hills, they were both' clutched to increase the adhesion. Hancock 
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cMBtnicled in all lUBe atwm carriAgM, Mste of Which fan on tin pdbtte 
roads for several months togetter from Paddington, IsUngton, and Stratfbfd 
to the Bank ; bat, owing to the genoal dislike that prerailed at the time^ 
th67 did not meet with the patronage that was expected. Bciore leaTing 
these carriages we must notice the kind of driving whed adopted, the deslgA 
of which was no doubt novel at the time, and is a beaatiful combination of 
strength and tightaiass. Fig, 7 r^iesents one. The spekes towards the 
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oeatre are wedge-shaped, and abnt against each other, their lateral strengtii 
bdng provided for by wrought iron discs on each sider these, by being 
bolted through, confined the spokes very securely in their places. By this 
anrangeroent as much strength in the spokes at the centre was oblahied as 
possible. The author then described the carriage of Messra Smmners and 
Ogle, patented in 1830. The principal feature of this was the adoption of 
an annular tubulous boiler, somewhat similar to those used in the American 
steam fire engines. There were three cylinders acting direct on the driving 
axle. The experiments tried with this were far from successfuL 

In 1833, Colonel Maceroni constructed a steam carriage similar to Gor- 
ney's, with the exception of the boiler, which was a decided improvement 
upon its predecessor. It was an upright water tube one, the outside and 
fire-bars all consisting of tubes. It had two cylinders, T^in. bore and 16in. 
stroke. It has been said to have run 1,700 miles without requiring repaus; 
but this, of course, must be doubted. 

The last experimentalist of the earlier days of common road locomotion 
noticed was Mr. F. Hills, of Deptford. This gentleman devoted much time 
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and expense to the tobject, and having been -very snooeerfbl ivith hie e:q>e- 
rimentfl, a company was set on foot for workhig Ms patents. Among tlie 
numerous performances of his carriage may be mentioned that a journey 
from London to Hastings and back— a distance of 128 miles — was performed 
in one day, it being accomplished in half the time oocnpied by the stage 
coaches. 

The prinoipal improvement introduced by Mr. HQls, from its extreme 
ingenuity, and the perfect manner in which it attiuned the object in view, 
calls for particular attention. One of the great difficulties attending the 
designing of locomotive carriages is the connection of the driving wheels 
with the engines, so as to obtain the full adhesion of both wheels, and at 
the same time to allow for turning curves with &dlity. Mr. James fixed 
each of the driving wheels upon a short and separate shaft, and applied two 
cylinders to drive each. Hancock in his first carriage used three wheels, 
and propelled by the front one. Gurney and most others had clutches to 
throw the wheels in and out of gear when required; but as it was impos- 
sible for the steersman to lock and unlock the wheels at every turn, great 
friction was created by the skidding. 

By Mr. Hills' arrangement the adhesion of both wheels is constantly 
exerted to i^ropel the carriage, without the slightest attention on the part 
of the driver. Fig. 3 'is a ^etch of this plan : — a, a, are the driving 
wheds fixed on two tubes, 5, 6, through which the axle or driving shaft, c, 
passes ; d, <2, are two bevel wheels having the pins e, e, for their centres, 
these pins are forged in one with the shaft that goes through. The wheels 
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<^e2,gearwHh tbetwobeTdwlMls//fiz«d<mtettib6t6, ^,|^an 
the cranks to which the connectiag rods are attached. Upon examlnhig 
the fignre it will be seen that so long as the wheels continue to run in a 
rtrai^ fine the tabes d, 5, do not levolTe npon the axle, b«t turn with it 
and earry roimd the wheds asif fixed to the axle ; but upon any deriation 
from the strai^^ the wheels turn at different speeds more or less aocofding 
to the sharpDCfls of the cnnre, and then tha tubes ft, 6, revolve at a dighUy 
difiSsrent speed from the axle, and the bevel idieels are brought into action, 
which, although dowlj in motion, continue to exert the same pressore as 
before. A mode of driving somewhat similar to this has been introduced 
hj Taylor, <^ Birkenhead, in his traetioa engine, and there is no reason why 
it should not be generally adopted. . 

About this time the q;yposition to the introduction of steam carriages 
became so excessive that wherever one was run a bill was immediately 
passed through Parliament laying a prohibitory toll upon it ; and owing to 
this, and also that the attention of capitalists was being drawn towards the 
oonstruction of railways which were then about to be generally introduced, 
those few experimentalists who had proved themselves to be successful were 
forced to ahandon it and turn thdr attention to something remunerative 
But although little or nothing has been done from that period until recently, 
the engineer of the present day is very difeently situated to what he was 
then. He has now a variety of deeogns for boilers which have proved 
themselves efficient He has link motion for reversing, and various other 
details which tend to reduce the difficulties of his task and render success 
more certain. 

Ur. Bickett, of Stoney Stratford, appears to be the most enterprising 
and successful engineer who has taken up this particular subject. 

The first carriage ccmstructed by this gentleman was finished in the year 
1859. It was carried on three wheels — ^two driving ones behind, and a single 
steering one in front The main framing of the carriage was formed by a pair 
of longitudinal iron tanks. The boiler was fixed at the back, above the coal 
bank^, and the steam cylinders were placed horizontally, one on each side of 
it, an ample seat for three being provided in front, between the forward end 
of the boiler and the steering wheel. The crank shaft was beneath the seat, 
the piston rods being coupled on in the usual manner. 

On one ride of this shaft was a small pitch wheel, over which passed an 
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BoSlm duifa, wbidi alto pMMd ovw a kvg«r chain wfaeii npMi tht driThug 
axle. 

Tha lalatlfa lixis of thew tw whads wera aa 1 to 2^. The dcMag 
axk wai plaotd ma nearly tUMkr the bdler m powible, and worked in axle-box 
goktoi, in the osnal manner, a tingle apdng being nied te Mipport the ftrnming* 

BiUndtheboikrwaaafoot'board aodaMatfocthejtokar. Onadririag 
wfaael waa kejad findj on the shaft, the other ruaohtg loose, aaccpt wbm 
thtcwnlatogearbfadaidu The engine was fteesed very nadOfbjriMiBi 
of akverceoMctedwith thetek of the £root whed, vhidi latter pMM 
tfarongh a goide in older to allow for the np and down mtHaxL q£ tbe spikg. 
The drtver, beddet having the staving nnder hia control, waa prorided witb 
the revening lever and break handle, wliicli gaxra him all nvtmuty com* 
flUHid the cairiage. 

Ihe eytindeia ime Bin* diaoMter and din. itioke) the auaamum pranure 
lOOIhw The driving whedi ware 8ft in diaiaeter. The boOer waa diort, in 
order that the variationa in level should not a fect it, and waa on the internal 
floe and retnmpiineipie. Itwaamade of steel, and was 19in. in diameter, and 
aflbfded an am oi SI sqaare foet of hcaUng sufaoe. The water tanks, at 
Mom said, acted also fnr the ftamhig, and contained trnfflflkat for ei^ ot 
ten Bfles ran. The anennt of ftiel carried wonld last fsr twsn^ to twinty- 
ive miles. The weight of the carriage itself was about one ton, and wh«t 
Mly loaded it weighed abont one and a half tons* 

On good level roads this carriage ran upwards of twelve milss an 
boor, and, oonstdering that it waa the ftrst made of this dasi^ may he looioed 
npon as very snocessfuL 

In the following year, viz., 1860, Mr. Riekett brought out another. 
This was made a sixe larger than the last ; it had 3^ qylindera, and the 
■saxhnam pressnre nsed waa 1501b. Thia engine was foimd ta tmvd ex- 
oee^Hngly well, and on good roads attained high rates of speed. The 
aaam framing of this^ aa in the former one, constituted the tank, and the 
general arrangement of the parts was similar, with the exception that the 
piteh chain to transmit the power from the engine shaft to the driving axle 
was done away with, spur-gearing being sabstitated. The bearings of the 
diivhig axle cnried the qnrings, and worked in guides set at a oonsidertble 
an^ from the perpendicidar, bat at right angles to a line drawn conaectiiig 
the oentres of the two axles, so that the motion of the springs did not 
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Mteriany affBct the gearing. Thore were two aeti of ^Mir wheels and pinions 
giYiDg pn^KNtioiiate speeds of ten and four miles an hour, so that in asoend- 
hig hflls or mnaiiij^ on a rough piece of road, by tlurowing the dower speed 
into gear, the actual tractive force was multiplied two and a half times. The 
carriage was inte&ded to cany three persons, who sat fiicing the motion on a 
seat in frooL Its weight when empty was one and a half tons, and when 
ftilly loaded abont two and a half tons. This carriage was similar 
to that made for the Eari of Caithness, whose doings in Sc(^land we hare 
from time to time heard so mnch about. Mr. Bickett had coastnicted 
several oi them, some of whidi have been sent abroad. 

The author then passed on to describe one oonstmeted by Messrs. Garrett 
and Marshall for Geoige Salt, Esq. It was exhibited last year at the AgricoU 
toral Show at Leeds, and was new in the eastern annexe of the International 
Exhibiti<m. The following are a few of the general particulars: — 
The boiler is of the best Lowmoor iron ; the joints are flanged and welded, 
ssitable for a working pressure of 15(Hb. The fire-box and tubes are <^ 
copper, which are turned to fit the tube plate, and then hammered over and 
brazed in. There are three wheels — ^the two driving ones are of steel, with 
«ast ircm bosses, and an inside and outside tyre, with hard wood between ; 
they are 4fb. diameter and 6in. wide. Either wheel can be disengaged by 
withdrawing its corresponding dutch, which is on the outside. The front 
and steering wheel is dft diameter and Gin. wide. There is one point con- 
nected with this wheel wc^y of special attention, viz., thai besides being 
held in its place by a vertical forked spindle, which passes through guides ; 
it has a parallel motion which transmits any strains taken by the wheel, 
and given out at its axle to a fixed pin or fulcrum on the frame. Thus the 
brant of obstacles on the road is taken quite mdependentiy, and the steering 
is left free from any injurious strain. 

Fig. 6, diows the usual method of connecting the front wheel 
o, is the wheel; ft, 6, a forked spindle passing through the guide o, 
which is firmly attached to the frames, on the top are the springs, and 
also the guiding handle. It is evident that any obstruction to the forward 
motion of the carriage will have a tendency to break the spindle at A, B. 
On the right hand is a plan of the arrangemoit referred to. a, is the wheel ; 
ft, ft, the shaft on which it revolves ; attached to the eyes, c, c, are the links ; 
d^dfthB other ends^ of which are connected to the lever e, which moves on 
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he pin / which is flrmly fixed to the fhtmiDg« It will be seett thtt tiM 
wheel a can be turned either to the right or to the left about o ts a eeiitr% 
quite unaffected by the links dj and the lever e, which mAltrfAin the dis- 




tance from / to 0, under all circumstances the same, and thus the upright 
spindle is relieved from the injurious strain, which we hare seen in the 
former case had a tendency to break it at A, B. 

The action of this is represented by Fig. 6. The cylinders are 6in. 
bore and Sin. stroke. They are connected to the driving axle by spur gear, 
which is in duplicate on either side of the engine in the proportion of five to 
one. The cylinders are fitted with slide and expansion valves, and arranged 
when required to cut off as early as one-seventh of the stroke ; this expan- 
sive motion of necessity deadens the noise of the blast to a minrmum as 
well as economising steam. The boiler is fed by a small donkey, as wdl as 
a fixed pump. The tank carries water for ten to twelve miles, and the fod 
space will contain coal enough for about twenty miles. This carriage is 
funiished with seats, including the steerer and stoker, for mm persons. Its 
total weight, when fully loaded, is from four and a-half to five tons, aboat 
four-fifths of which is carried by the two driving wheels and one^fifth ea 
the steering one. 

It will be noticed that the proportionate speed of the engines is very 
great ; indeed, so much so that if the carriage were made fast, there wobW 
be purchase enough to make the wheels skid. The author then gave a brief 
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deserfption of Tanw and HUditeh's 3t«am Carriage exhibited in the etatem 
annexe of the late International Exhibition, with which he had \ma codt' 
nected, manafactnred by Mr. T. W. Cowan, of Greenwicli. 

It is made to carry thirteen persons, including a steerer and a stoker. 
The steerer ^ts in the centre of the front seat, having one passenger on eaeb 
side. Back to back with th«n are seats for three others, and for six more 
(three on each side), facing each other. B j this mode of arranging th6 
seats, it can conveniently be covered in, with a door on one or each side for 
entrai^e. The stoker is placed in the tender b^nd. The boiler is of tb« 
ordmary upright tnbolar type^ the outside shell being iteeL It ii 2 fit. 
^meCer and 3 ft. 9 in. high ; it has 40 square feet of heating 8ur£ice, and a 
fire-grate 21 in ^arneter. It is itted with a perforated steam pcpe fonnd 
^ top to reduce the chance of priming. The main fnumng of the cairiagt 
is ash, 4^ in. deep, lined with edge plates \ in. thick. To the outaides aM 
bolted two iron foundation plates for c&Tryiag the cyHnders, &c. On the 
iBside of the framing are the driving wheels, which are 3ft. diameter; they 
Hve a caat iron boss sirayar to Cros^dll's, and are both keyed on the maim 
driving axle, on the outside of these wbeds come the bearings which carry 
the springs, beyond these are fixed the eranks, to which one end of the coi^ 
B«cting rod is attached, the advantages claimed for thus arranging the parts 
are, "that the guage of the hind wheels being eonsiderably reduced, does nol 
aeeessitate throwing the inner one eut of gear when turning cnrvea; and, 
Meondly, that direct action is obtained without having the axle oraaked, 
past experieDce haa shown to be highly objectionable^ aa the 0(»Ltin- 
ttoas jolting very soon breaks it." 

In order to keep the axle in its right position, a link is employed in pre* 
ference to axle-box guides, as, by its use, far less friction is caused, and the 
distance between tiie shaft and cylinder is maintained precisely the same, and 
the action of the valves remains unaffected by the vertical {day oi the 
sprhigs. One end of the Imk is connected to the axle bearings and the 
oth« to a providon on the foundation plate. The woiicing parts ait en- 
tirely boxed in to protect them from dnst and grit. The cyBnders are 5 ia» 
in diameter and 9 in. stroke. 

When folly loaded the weiglit is 2\ tons; about 40 cwt. is carried on 
the hind wheeks, and 10 cwt. ea. thi front ones. All the parts of the engines 
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are made as light as possible, sted and malleable cast iron bdng introdnoed 
wherever practicable. 

The steering is effected by means of a chain. The steerer is also pr<H 
Tided with a lerersing lever, so that the carriage is entirely under his con- 
troL The tank is placed under the seats, and the coal in the tender behind. 

Big. I, represents a design for a large steam-carriage capable of cany* 
ing from thirty-four to thirty-six persons. The boiler, tank, and fuel are 
placed in a compartment at the back. The engines are bolted to the side 
frames, acting direct 6n 4 ft. driving wheels. They are enclosed by the 
outside casing, as shown, which can be eamly removed when required. 

Direct action is unquestionably preferable to gearing in a case such as 
this, as the engines do not take away from the room of the carriage ; thegr 
are easQy got at; and, as the motion of the worUng parts is slow, the wear 
and tear is lessened. The exhaust is sent out at the back at an angle, 
and, if thought fit, the fhnnel can be made to project The mode of en- 
trance is by steps on each side in front — the inside passeng«B passing in at 
a door, the outside ascending the ladder. The driver stands on the platform 
in front, and is provided with suitable steering apparatus, and also the 
reversing lever. The stoker is plaeed behind. The front wheels are 3 ft. 
6 in., and the driving wheels 4 ft. in diameter, the length of the body 
the carriage is 16ft., and over all 21ft. 

The author having described those steam carriages most worthy of notice 
which had been constructed from time to time, and pcHUted out the parti- 
cular features of each, proceeded to consider the following general principles, 
which, whatever be the mechanical arrang^mtot oi the parts, remained the 
same. 

1st.* — ^To determine the necessary tractive fbrce. 

2nd]y. — ^The necessary requirements in good driving wheels. 

drdly. — The size and best description of boiler. 

4thly. — ^The working expenses as compared with our present vehicles. 

First To determine the necessary tractive force. The chief resistance 
to the forward motion of a vehicle at common speeds, and on ordinary 
roads, is that which arises from the roughness and softness of the sur&oe — 
ibe one causing loss ot power by its beiilg expended in producing diocks 
and jolts, and the other due to the sinking in and consequent friction that 
arises. 
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Th«e reflittanees ywry witUa wide limits, accordiog to the materia!, 
conBtroction, and state of repair of the road ; also more or less with the 
weather, aoeordiag as it is wet or dry. They are usually expressed hy the 
proportion they hear to tfie jjrosff weij^ of tihe car ri a g e ; -thus, if it required 
a constant force equal to 1 cwt to propel a vehicle weighing 30 cwt, the 
tractive fivce required would be expreised hgrvyii^ that it was eqnal to 
l-8Uth the load. 

On common roads, made with gravel or broken stones, the resistance is 
found to vary from 1-iOth to l-20th, the load averaging rather less than 
1-dOth, when in a very bad c(mdition, or freAAy macadamised^ it is, at times, 
mcreased to as mach as 1-lOth the load* 

On paved roads, owing to their extreme hardness and soIicBty, it is lesfr 
than on others, rarely exceeding l-70th. 

Another resistance which has frequently to be encountered is that due to 
gravity, and, on steep inclines, forms the most important one. If a slope 
ascends at the rate of 1 perpendicular foot in 40, it is evident that a force 
equid to l-40th, the load will be required to counterbalance the ascent 
alone, and if it be at the rate of 1ft. in 36, it will require a force equal to 
l-30th the load, and so on. 

Now suppose a steam carriage is required, when necessary, to ascend 
indinee of 1 in 10, which may be considered as the steepest to be met with 
on the main roads in this country. This ascent alone will require a tractive 
force of l^lOth the load. To this must be added 1-lOth, the load as being 
the maximum resistance due to the road itself; these together make 
adding to this l-20th, to allow a margin of surplus power. It then be- 
comes I the load, which may £airiy be oonsidered as amply sufficient under 
the worst circumstances, more only causing useless weight. 

Now presuming the carriage^ when fully loaded, to be five tons, a con- 
stant force acting at the periphery of the driving wheels of 26 cwt. will be 
required. This, it has been already seen, can be obtained by a variety of 
means — cog wheels, endless chains, direct action, &c 

Under ordinary circumstances a less tractive force than \ wHl be found 
ami^ly sufficient, and in countries where there are good military roads, which 
are tolerably level, a still less wai suffice ; but it must, of course, be varied 
Hccording to the requirements of the case. 

Secondly. The necessary requirements of a good driving wheeL 
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' In the constrticUoii both of steam carriage and traction engines, the 
deaigntng of a good, strong, and snitable driving wheel has been found to 
be one of the most serious mechanical difficulties. 

Qaxratt and Marshall's steam carriage, when shewn at Leeds last year, 
had driving wbeeU which consisted merely of a skeleton frame of steel with 
a tyre ahnink on. Siofie then wooden fellies have been introduced between 
the tyre and spokes. This addition has no doubt been found necessary to 
deaden the 8ho<^ which would otherwise be severely felt, and very soon 
destroy the wheeL 

In Bray's traction engine layers of wood and india-rubber have been 
secured on the inside of the tyre to secure the same effect, and it has been 
found, as a general rule, that in an iron wheel an elastic medium for the 
t^e to bear upon is absolutely necessary. The result produced by not 
taking this precaution is that, owing to the continual blows upon the tyre 
caused by the obstacles in the road, it gradually expands, and eventually 
works loose and comes off. This difficulty is experienced with wooden 
wheels, although to a less extent, and is, in ordinary practice, most effi- 
ciently and ingeniously overcome by what is termed dishing. The spokes 
are inserted into the box at an angle, and when running the wheel assumes 
the portion as shown in Fig. 2. After the spokes are driven well in and 




the fellies fitted, the tyre is shrunk on. This shrinking on by contracting 
its diameter produces an increased dish, the consequence of which is that 
the spokes always have a tendency to spring back to their original position, 
and as the tyre becomes larger by wear the spokes and fellies follow it up, 
the wheel remaining equally good, and to all appearance the same as it was 
at first. There are other reasons for dishing wheels, but this just mentioned 
is l^^arthe most important. 
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Upright wooden wbaols, as might be OKpected, lost a eompamthreff 
short time, the tyre oontinoalty woriung loose and requiring shrinking en 

In steam carriages, as the axle revcdves and the wheels axe fixed to it, 
dished ones are unfiDrtunately not applicable. The author consideied when 
not more than 4ft. to 4ft. 6in. in diameter, a wooden wheel was preferable to 
an iron one ; snch for instance as that adapM hy Hancock, which is ef a 
particidarly strong form, especially for transmitting a twisting strain. 

There is one point connected with this portion of the subject which it is 
as well to notice, as there still remains a donbt wiUi many persons respect- 
ing it, Tiz., the amount of adhesion that the wheel has on the road. This 
is a matter of considerable difficnltj with traction eofpneOj where the load 
is drawn ; not so, however, with steam carriages, where it is carried. It 
has frequently been proved to be so beyond a doubt Mr. Oumey, among 
a variety of experiments, found that under the worst circumstances that 
ordinarfly occur, the adhesion of a plain wheel on the sur&ce of the road 
without skidding perceptibly was sufficient to propel a gross load of from 
2 to 2i times that which it carried itself! 

Thirdly, The best and tnott suitable form of bailer Ibr steam carriages 
is a matter upon which, as might be expected, there exists great difference 
of opinion, and will, no doubt, remidn unsettled until many experiments 
have been tried and more experience obtained. 

The boiler preferred by Mr. Bickett is cylindrical, with an internal flue 
and return tubes. The fire-grate is placed in the ftx>nt portion of the fiue^ 
from which the flame passes to the other end, and then returns roond a 
smoke-box through a number of small tubes placed on each side. 

This description of boUer has been attended with considerable success 
owing to its shortness it takes up comparatively little room and is not per- 
ceptibly affected by indines. 

It is needless to say anything in favour of the ordinary fire-box bcnlers; 
their general adoption and universal sucoess in locomotive practice unques- 
tionably prove their suitability for steam carriages. 

The ordinary upright tubular boiler is one which has been much resorted, 
to. It particularly folfils the requirements of the case. Behig verticsl, 
and not horizontal, it occupies but little space. It is quite unaffected by 
inclines, and is lighter than any other, inasmuch as when the end of th^ 
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Jdtnmey Is ap^pfoached ihb water levd can be let down to ivitbin a few 
Ibches of tlie top of the fite-bolc wHfaont danger, and oon«eqaent]j leas tank' 
room need be {nrovided. It also has the adrantage of superheating the 
steam, to a rmy great extent rendering the exhaust generally invisible — a 
▼ery important point. The chief objection urged against thdr use is that 
ihey are apt to prime. This, however, can greatly be reduced, if not en- 
liniy prevented, by kee|^ng the boOer short, in proportion to Its diatiieter, 
m order to obCain more area at the water levd, and alito by working the 
water moderatdy low, to allow plenty of steam space. A perforated pipe' 
placed doee to die top, to draw the supply from, win also be found of 
service. In determining the rise of boiler for any particular case it must be 
remembered that in fixing the dimenaions of the engmes it is necessary to 
have sufficient tractive power to overoome the maximum resistance which 
was taken at i Ae load. In reckoning the amount of evaporative power 
in the lx>iler, the average resistance has only to be taken into account. This 
has already been estimated at l-SOth the load ; therdbre a constant me- 
chanical Infect is required equal to 1-dOth the load raised through a space 
corresponding to the speed of the carriage. Having this it can be ascer- 
tained for any case the horse power to which this effect will be equal ; for 
example, taking the total weight of a carriage when fully loaded to be five 
tons, and requnred to travd at an average speed of ten miles an hour, then 
the mechanical effect required in one hour will be 3| cwt raised through a 
space of ten miles. This w31 be found to be equivalent to the development 
of lO-horse power* 

As in smaU boilers the combustion is not so intense as in larger ones, 
and as lightness is of greater importance compared to economy than under 
OTdinary drcumstances, ^e proportion that the firegrate surfisMse bears to 
the heating surface ought to be much greater than usual in locomotive 
practice, say, not less than 1 to 25, t.e„ 1 square foot of fire-grate surface 
to 25 of heating surface ; then taking 8 square feet of heating surface as 
equivaknt to one actual horsQ power, which in most cases would be found 
sufficient ; a 10-horse boiler would requure 80 square feet id heating surfsu^e, 
and not less than 81 of fire-grate.* 

* In cases where the average resistance is greater than one-thirtieth, or the 
roads very hilly, or the fuel of inferior quality, the above proportions must neces^ 
sarily belnoreaMd. 
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With ngttd to the mode of feeding the boilei^ * piunp and nn Injector 
mM M doabt be found to answer weU, the one to work when the carriage 
ie Ib motioOf the other when at rest 

An Injector doee not act eatirfnetorUy while tEaveUing, for it reqnirei 
great attentlim, as the jolting and constant flactoationB in pressure a&ct it. 

Ftnuihlp The cott of working steam carriage$ a$ compared wUh 
oikentekddee. The vafMHis expenses attendant npon each vary within snch 
wide limits according to the ctraamstanoes under which they are placed, a* 
to render it impossible to draw a comparison between them which will h<4d 
good in all cases. The following example will, howerer, serve as a toleraUy 
feir guide ; the cost of running a two-herse onmibus in London from sixty 
to seventy miles a day averages about £17 per week ; each omnibus re- 
quires eleven horses to work it; the keep and loss in horse flesh ahme 
ameants to no less than i£9 ; the rest U due to the coachman, oondoctor 
hofiekeeper, daty and cost of repairing, and depreciation <tf omnibus. Th^ 
original outlay may be reck<Hied at about j£4dO, a good omnibus costing 
XlfiO* Tins is capable of carrying twaity*six persons, twelve inside and 
fonrteoi out. A steam earriage snitable for the same number of persons to 
tiarvel at the same speed, say, eight miles an hour, would require from d to 
lO-horees powers and would wei^ when fuUy loaded from 54 to 6 tons, and 
eost about Si50. The cost of woridng may be eatimat«l as Allows (taking 
the consumption of eoal at the rate of 101b. per horse power per hour) 



The difference between the two in fovour of steam is about and can 
be traced chiefly to the cost of keep of horses ; it must be further borne in 
mind that, when not working, they still cost a large sum, whUe the steam 
carriage consumes nothing. 

Connected with the relative economy of steam and horse power, one 
general principle may be noticed, viz., that owing to the comparative small 
mechanical effect produced by horses travelling at high speeds, the economy 
aridng from the adoption of steam is more marked as the speed increases. 



24 tons per waek . . 
The steeerer and stoker 



£U lOs. 

3 10 

4 7 
1 15 
I 



Depreciation and repairs at 50 per cent per ann. . . 
Duty, we will presume to be the sameas an omnibus . 
Minor expenses, including water, oil, t<^ &c . . 
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Before coming to a close there h one point connected wkh the iatroduc- 
tion of steam carriages on common roads deserving particular attention, viz., 
the effect produced iHth reference to the lightening of horses, and the best 
means of redndng, and, if posnble, entirelj arolding it. 

It Is not a matter to be wondered at that the traction engines which 
have, until very recently, frequented the streets of London, have caused 
great alarm in this respect. Considering the size, strangeness, and ugliness 
of th^ ai^earance, and the noise and puffing produced by the blast, it 
iroidd have been remaricable if such an effect had not been produced ; and 
it would, no doubt, take a long time before their general adoption would 
hare been unattended with dangerous results. 

The case, however, assumes a very different aspect with regard to steam 
carriages. They could be constructed in external appearance very similar 
to many vehicles now running with passengers inside and out, the boiler and 
working parts entirely enclosed, and, consequently, quite out of sight. 

There cannot be a question but that a carriage similar to this would 
have &r less tendency to frighten horses than tiie traction engines. The 
only difficulty of any importance is to property dispose of the steam. Mr. 
Ri<^ett has proposed to condense it. About dghteen months since he made 
an experimental steam carriage worked at 2501b. per square inch very 
expansively, and coudmsed it with 800 square feet of surface exx>osed to 
currents of air. This, however, was not found to produce the desired effect. 
The expense, difficulty in obtiuning sufficient surface, weight, the necessary 
mechanism to produce a blast, all tend to prevent this system from being 
adopts. 

It has also been suggested to let the steam issue out at the back of the 
carriage in as continuous a stream as possible. 

As it would materially injure the draught if the steam were not to enter 
the funnel in puffs, the only means of effecting it to any extent would b«, 
if possible, to equalise it after having passed out of the funnel, and before 
Sssning into the open air. 

It might be effected to a certain extent by letting it pass into somo 
spare spaoe which would act as a kind of air vessel. If then allowed ta 
find exit behind the carriage it would be almost out of the si^t of tho 
horses approaching, and only seen by those following it, which would not 
prove a very serious objection. The exhaust steam ought to be reduced in 
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quaxkiliy as miioh as powibk hj canyiog out the principle of high ^mman 
and expansion. 

There is another cause to the ftrighteahig of horses which, nnlbrtwiatelyy 
does not seem capable of a remed^r. It is due to the strangeness in appear- 
ance of a rehide moning ahmg without any evident source of propuUoa. 
It is hnpossible to say to what extent this afiects the matter^ and probably 
it would not take long before the horses would get accustomed to it. In 
the case of traction engines, it might be greatly removed— presuming them 
properiy boxed hi to hide the boiler and macUnery if a hone were placed 
in front in some shafts, it would assist in steering, and, at the same time, 
take off that novelty of appearance just referred to. This principle is ex- 
emplified in many self-propdling portable eogines, and there is no doubt 
that it has a marked ifhct in this respect. 

Widi regard to the management and control of steam carriages, no 
danger ean be feared from any difficulty on this seore, as, with suitable 
steering gear, and not much weight on the leading wheels, the direction is 
under the perfect command of the driver. Take Av^g's enguie, for 
example. In a like manner, with effective brake power, and, in cases of 
necessity, by reversmg the engmes, the carriage can be brought t© a stand- 
still much sooner than with animal power. 

The author then brought his paper to a close, and said that he trusted 
he had been able to show that there were no insurmountable difficulties to 
the introduction of steam carriages, and that in many cases they would be 
attended with beneficial results. 

DISCUSSION. 

Mr. H. P. Stephenson thought steam carriages might be applied U) 
what he would term agricultural railways; and he strongly believed that 
future progress would be either by the construction of much cheaper lines 
of railway than had hitherto been made, or by the creation of tiwnways 
along the roads in country districts on which these steam carriages migbt 
be introduced. Difficulties in the way of constructuig cheap railways 
existed in the obstruction offered by landowners and in the requirements of 
the Government Inspector ; he thought, therefore, they might be driven to 
the construction of tramways along the lines of traffic, and the traversing 



Digitized by 



IliQte Hnes by skom caniag». He should like to know what perfbrmfncee 
had been made by Tarrow and Hiklitch*« Steam Garriago, and whether 
these performanees had besn o(»itmiioiiB. His stiioog impcesskm was, that 
the great waar and tear of thoM carriages) nurning orer ingged and steep 
iacUnea apoa ocHnmon roads, would he such that they would not be feund of 
mQcb practical uae without great improYement, or the iDtroduetioa of 
laila for them to run upon. 

Mr. F, C. Beyndds said, that Mr. Stephenson had suggested that it 
Jnigbt b« advisable to have something equivalent to railways or tramways; 
but he thought it would be manifest to every one that when they had made 
tramways in almost every possible place, and railways were as thiclc as 
tbey well conld be, nevertheless there must be a great many roads and 
streets, where, if it woe poasiUe to obtain steam carriages fit to run on 
ordinary lughways, they would be most desirable. Mr. Tarrow had shewn 
*--0T had stated — that steam carriages might be worked at considerably 
less cost than common omnibuses (taking the depreciation at 50 per cent, 
wlueh was probably a high figure), and that a saving, as compared with 
the onmibos, of jC4 per week might be effected. Even supposing that the 
depreciation were to be considerably more than that given — that the cost of 
working the steam carriage were to be as great as that of the common 
omnibus, he thought it would hardlf be denied that the steam carriage 
mig^t ofi^r &r greater conv^ence for traveUiug, and that it might run 
with quite as great a epeed. as the London omnibuses did. With respect to 
horses being frightened, about which so much had been heard of late, he 
thought it was because the steam carriages were new things, and that they 
were followed by a crowd of people who kept up a continual turmoU, and 
this was really the cause of alarm ; but when people got more used to them 
there would be no danger in this respect. There seemed to be some diffi- 
enhy as to the wheels, especially the driving wheel. There were objections 
to make them dished;'* and he did not believe a real efficient wheel, 
satisfiustory .in all points, had yet been made. He had heard that there 
were imperfections in Hancock's wheels — that when used the tyre had be- 
came loose ; therefore, he considered that any suggestions with regard to 
the driving wheels of these carriages would be most valuable. The 
arrangement shewn in Fig. 5, with regard to the cylinders and the crank shaft, 
^wed considerable ingenuity, and he believed would be found to answer 
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ireO. The carriage itself was sttpported wdl on the springs and wheels^ 
whilst the cylinders were on an elastic medium. Whether the play of th« 
epring woold be sufficient or not be was not preptnred to say, bnt he bardly 
thon«^ht it would. He did not think the difflcnlties of the high road would 
be as formidable as might at first be supposed \ and as to the steerage, be 
4iioagfat that a matter of Httle fneonyenieace) as prerions ea^perience had 
demonstrated. 

Mr. t)dward Reynolds remarked, that the deee^ption grren of Hancock's 
boiler was not strictly correct. The flat chambecs were connected tW9 
bolts passing through the whole of the chambers, one throng the steam 
spaces, and the other tbrongh the water spaces. Peribrated fermles were 
nsed to prevent the sides of the chanbers from yielding to the strain on 
the bolts which was necessary for making the joints. The external etrmg 
plates were heavily stayed and connected by bdts passing the ends the 
chambers. He wished to call attention to the fallacy of supposing that 
this waa a light construction of boiler. The heating surface would weigh 
aa mnch as it would in the form of tubes of the sanM thickness^ wfailat a 
cylindrical shell must obvlotisly be lighter than the flat eoda with thehr 
stays and eecnecting bdts. This form of boiler was very liable to priming, 
which was obviated by the use of very small steam pipes. He considered 
that the plain vertical boiler nsed by Mr. Yarrow was much inferior to the 
ordinary locomotive boiler, not only in the smaHer effidency of the same 
amount of heating surfcce, but mechanically in the extreme difficulty of 
keeping the tubes tight, owtog partly to tiie great expansion and cootimie^ 
lion due to the overheating of the part passmg through tiM steam. He had 
bad eostly experience of the defects of tliis class of beiltr, and he found by 
correspondence with the leading leoomotire enginchbuilders in Anieriea, 
that l^iey had also been obliged to abandon their use. An incidental delsot 
of this boiler is, that the top-heaviness renders it inconvenient to use a 
sufficient^ large smoke-box, which is a ma^r of much importance when 
the draught is produced by the' intermittent action of the blast. In an 
experiment made on a locomotive in 1B47, by reducing the internal capadQr 
of the smoke-box to a mere passage from the tabes to the chimney, tiie 
consumption of fud was kirgely increased, whilst the steam-intxtuciag 
power was seriously duninished. Another point of practical importance is 
the construction of the driving wheels. Hancock's whed, though sound in 




151 



m8tfiictio&, WB8 too rigid. He bad known wheels of thif cUw made 
bailed, tlie aide nnainiog horizontal with good results. Anothor method 
«»iild be to dish the spokei in the place of the wheel, placing them fai the 
nve m pain, paralld to each other, or nearly so, and sprfaighig their ex- 
fa"""tiaB to the usual distance apart hi the fialloes. With respeet to Messrs. 
Yarrow and Hilditch's carriage, it was stiU ftur from perfect ; bnt the 
designers bad shewn a thorough appreciation of the difficulties to be over- 
oome, and the general constmction was sound in its character. As to de- 
predatioB, he did not see why so large an amount as 50 per cent, shoold be 
anticipated; there was no reason why at the slow speed atwhidi it is 
possible to work such a carriage the machinery should not last as long as 
that of agrfcultural engines, in which the depreciation was shewn by 
experie&ce to be very moderate. 

Mr. Olrick said, that be had seen a bofler in which th» tabes hung 
down oyer tiie fire ; it was designed by one of the members of the Society 
(Mr. Field). In Uus boiler the circulation of the water was effected in the 
most beauttfol manner. It was bis opinion as regarded the wheeb, that a 
Ught iron wheel might be made which would answer every purpose. In the 
Engineer *^ of 3rd October, 1862, there was an illustration of Adams's wheel, 
not with steel, but india rubber springs ; and he thought a light iron wheel 
might, with these springs, be made to answer the purpose better than a heaty 
Wooden wheeL Mr. Yarrow remarked, that the eagine of Ricketts was only 
of a dow motion, bnt a light e^iae and slow motk>tt would not do together. 
They must either have slow motion and a strong heary engkie, or quidc mo- 
tion and a light enginei There was no occaskm to be afraid of mak^ these 
e^nes go too quick, because he bad seen marine enginea of 600 or ^0-horte 
power moving at about sixty revolutions per minute. Ha diould like to 
know whetiier Siehetts boiler smoked or not ? because he cooridered it was 
almost impessiUe to get a perfect combos^ioa in so short a boiler. In 
respect to the proportion of grate and heating surfiBce, he wished to know 
why it was necessary to have sodi a small proportion ? In locomotivBS H 
was 1 to 60, but Mr. Yarrow gave 1 to 2fi. Regarding Injectors, he 
thought that a great deal of prejadice existed against them. He thought 
they would be found to work exceedingly well with proper management. 
There were many instances where an injector had been working for three 
years without a single interruption. With respect to tlie horses being 



m 



frightened, he followed Bray*t ti«otl<m eagine, More ^ lUduird HUjta 
forbid its nae, for 2i miles, and during that time it passed a great number 
of horMS, and not a single one got frightened by It. He hoped that the 
measure agahist traction engmes would soon be abandoned. He c<uiMd«red 
chains siiperior to wheel gearing. It was also a great disadvantage to any 
locomotive or traction engine to have perpendicular cylinden. 

Mr. Parsey thought that they had to determine first whether, if they 
had got steam carriages perfect, they had an application for them ; the 
paper raised the whole question of railways, tramways or common road^ 
and he did not perceive any great improvement in the proposed carriage, 
and conddered the weight too great to run on a common road, except it was 
in very good order, but if it was under repair, the carriage could not pass 
over it. The streets of London were unable to accommodate the traffic, 
and in the country the railways reqmred Mters, and tramways or steam 
carriages were proposed to meet the cases. In London the tramways had 
been tried and taken up again ; and it appeared to him thai London street- 
traffic could only be worked by horses ; but in the country, if the traffic 
required improved means of conveyance, that either tramways or railways 
must be employed to obtain any advantage. 

Mr. F. Young had paid considerable attention to this subject for the 
last three years, and could see no difficulty in steering steam carriages. 
The Eari of Caithness had travelled from town to town at the rate of 
.fifteen or sixteen miles an hour without any difficulty. He bdieved that 
where some of the railway companies had opened branch Imes, steam 
carriages would have answered their purpose equally wdl, and at a fiir lees 
cost. A branch line would cost at least £10,OdO per mile, and steam 
carriages could be introduced at the cost of a single mile. Thus, if they 
took the interest on the capital and the whole of the workiqg expenses, he 
considered it would be decidedly in favour of steam carriages. The ques- 
tion of the steam carriages frightening horses he thought was mudi 
exaggerated ; he had superintended a road engine woridng in Manchester, 
and had not found the horses at all affected by it 

Mr. Yarrow, in reply, stated that the carriage referred to by Mr. 
Stephenson, was made about three weeks before it was sent to the Exhibi- 
tion. On its first trial, before it was quite finished, it ran to Broml^, answer- 
ing wdl, but in returning the injector got stopped up, and some of the 
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packing in the pipes got heated, which canaed some delay, but they reacheil 
home safely ; it was then completed and ran on another trial to Horsham, 
again answering weU, lUthongh there were detentions on the road from the 
leakage of pipes, &c In Hancock's boiler the water entered at the bottom 
and the steam escaped at the top, thus rendering the circulation perfect. He 
considered that steam carriages wonld answer well as feeders to railways, in 
Germany especially, where the roads were exceedingly good, and, where a 
large outlay at first was of considerable importance steam carriages would 
be very applicable ; and if tramway's were laid down these carriages could 
be used with very great advantage. With reference to the weight of a 
steam carriage, he might say that a three-horse omnibus weighed from 
30 to 35 cwt. and carried forty passengers, making a tetal weight of not 
less than fytxr tons, and these ran in the London streets without any diffi- 
culty. He thought that steam carriages would not be required to run at a 
high rate of speed. 

The Chairman, in dodng the discussion, said he thought steam carriages 
would be desirable m many places, where a large outlay could not be made, 
either to run on tramways or on the common roads, wherever the outlay 
would warrant it, a tramway would certainly be worked more economically. 
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November 3rd, 1862. 
C. L. WGHT nf thk Cha^IU 



ON THE DRAINAGE OF THE FINS. 



Bt Baldwin Latham. 



Th9 Fens upon the ei^t co«it, (M>ntaming iipwgrcU of 6Q1OOO ncm q{ 
ydttf bl« laQ4i extending into the co?^lt^ of CiunbndgQ, HiwUng^oiv 
Iiiic<4o» Northampton, Norfolk, «nd Sllffol]^ wre Ultversed by eleven pvin^ 
ciple rivers, y|z. : the Cam a^d QE«nt w^^edi th« 0^ Qreii,t Qw, Mild«Q* 
hf^ or Nene, Nnr, WelUnd, Wi«wy, Withwn, md Bnwdoi^ or little 
Oose, and uaroeroos smaller streams, bearing the draina^ of thQ highlao4 
oottotiy Uupeni]^ the fena^ and fiwdi^ discharging their into the 

vash by ^he owtCaUp of Bo|^»|^ Foa»-4yke, Lyni\, ajijd Wiabwh. The 
iforka thai have been e^ecut^ ia replaimiog these fea9 viU always fornish 
an interesting stu^y ior the ^ngMi^; afi^ it; ia the object of thia paper to 
give a brief epitome of the works execated for this purpose withm the 
Great, or Bedford, LeveL 

The early history of the fens is involved in obscurity ; but in all pro- 
bability when the ancient inhabitants, the Gyrvii, held peaceful possession 
they were nothing like so extensive as at present ; indeed, at the period of 
the Boman invasion of this country, it ia probable that only the lower 
portions lying about the present outfalls, and known as Marshland and 
South Holland, were subject to the hurtful annoyances of the sea ; and 
much of what, in later years, has been drained was at that time good land, 
well wooded, and watered ; when to deprive the inhabitants of the covert of 
their forests the Romans felled or burned them down, as the remains of 
vast numbers of trees, both burned and sawn down, discovered lying at 
considerable depths in the Fens, testify ; after the complete subjugation of 
the country, in the time of Agricola, its internal improvements shared the 
attention of ita conquerors, when fens were embanked, canals dug, and 
roads constructed ; of the latter, the remains of <me extending through the 
fens from Denver, in Norfolk, to Peterborough, afford an excellent example 
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of the aat and hadvatry of tliit poople ; H It at proeiit eovend, in rmmy 
pkee% wkh peat avwagfaig between three and tre feet in thlekneM. Hie 
draoM called Po dyke and Can dyke, are sappoMd to have beea canab 
deiigBed to fiMilitate tke pateage between Roman etatkini, bst in all pro- 
baMi^ awed a like impertant work of drainage. Tlve embankmente ails 
tkoae txtcoding roond the iea coast ef IXorkltk and Lincoln, and probablf 
mianiing up the rivws. TlMae baolLi have been tlie laki^ of ttueh eon* 
twver ey, aod are thoogfae by some to bare been erected fot pars ndUtuy 
pCBpoeeaf but, sock a stractim with the sea before and a marsh behlttd, 
we«M aibrd rmy IB acconsnedation Ibr nrilitafy operations ; and when we 
coBsidsr that tlie RomaiW, bm^e in war, were not less renowned tnr thefer 
advancement of more peaceftd arts, and the eolkteml evidences of what 
tki^ aeeonpHshed in other eomtriea, sabjogaled by their amn, we are 
snirted in arrivh^ at their trae pvrpose. In Italy, the drainage of the 
Foafina marshes had bees aceooipMsbed at a very early period ; and in 
flMfauid^ a country <doorihf reaemfaliiig tfaeconcBtioa of oor tenm, l3ie first em^- 
baaddi^ was commenced by Dniras for restraining the inundations of tho 
Biimeat abcnt tlm period of the Bomaa invasion of tbi» conntrf ; this latter 
work tend* to confirm the epiaioft that these baokswere erected Ibr resCrals^ 
img the ravages of the sea, and to sndi <^>enitions the Romans gave die 
name of Aggesea maiini opeds/* To these banks the hmiidatton at tha 
npper portion ef tlm lanl has 1>een ascribed; lor, by impeding the free 
iniok ci the tide, and pMvanting the speedy dessent of the frtah waters, 
the dammels decayed^ psobably, some time alter tha departave of the^ 
Bomaai^ when the cenfasioft that reigned and the degeneration of the 
pKupLe was nnteroacable t» ihe pioseention of any great nndertaiuag; and 
by ne^aeting t» maintain the works eocecoted by the Romans the sea 
gained not on^ ha former pomssBions, bat a vesy considerable tract of 
highland comitiy. 

Kow fluce cornea the period in the history of the fens when persons, 
poaseSBBigpeealiasnotionsof piety, soagfat the few eminencee ^tremainedj 
and wfaiob were tlieai^ by the siqMntitions to be the abodes of horrible 
meiis«st% whose ddef ddight it waa to rack and ttHtnre the hnman fntmev 
and wkscb are the aflegoHeal repiesentatioaa of the diseases peeiddsr ta 
a awimpy eonntry. These sriitaiy spots afterwards^ became the centres of 
menastie institu^iona, which ahomided in the fens. Miwb was done by 
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tiMift nMfpam homm in i;nUlr^iiig thft landft in their knanfltltote afli|[^ilKnif<^ 
iMoA; M flMir woila irere aot «r a 'Wrx €Jiteiiitv« cto a e t a , as te 

condition of the fens at the period of the Danish invasion will prove,- 
"When Ely was isolated and conld only be reached by means of boats, and 
•Hir tiie dewtrucfcion of the fen monasteries by the Danes, and their sub- 
wgMt it l tow tfcoti by King JEdgay, the Abbot of £1^ l«l oai Jus lauds and 
BiMli i>amit» cot, til A, p. »T4, §sr^kmM»g mhmiaiaaeB. After 
tlie nUMMKif the Danes, and their second invasion under King Sweyn in 
1002, the monaster ICS nf the fens were sought aa an asylum; but were 
subjected to tines and other annoyances until 1017, when Canute, asfliiwiMg 
the mwn^ not only greatly enitcbed tbew m c oa ufc wk i, bmt sg/mt % mm* 
MaMm povHon of Irit tfne in Mcni w tmhrn «l Sljf. 

It is rep'irtcd tluit u]M)n one occasion when his son and servants were 
passiug from Petcrbu rough to Ivly, they encountered great peril by reason 
of* storm ; when Canute heard of it he was greatly moved, and caused his 
mMam aad tterranta to mark out a dyke tbrough the feus, which was 
atewttrds aoM^Mtei. Tte ^yte m pmmi mmSmA to OMHrte it tiuit 
fo rming the boundary between the counties of Cambridge and Huntingdon, 
The fens at the period of the Norman conquest (1066) were still in an 
abandoned state. When Ely, from its isolated position, became the refuge 
and last great atrongfaold of the Saxons in this pact of the country, the 
ftHMk of m Wmmmm vai « te« uaiae t M ii fial, M «t tegOi, 
betrayed by its own Abbott, it was captured and the fens wwe divided ; 
when each proprietor for himself sought the improvement of his estate, as 
will appear from the operations of Richard de Rullos, Lord of Deeping, and 
OhamberUin of King William, who greatly inq»roved his town by diverting 
iiteM <i ikm WUted, iMimnrh tii«t» nlMi Mte M tea 
mtWni In# mi water, was converted into fruitM Mdkk 

At the death of Henry II., in the year 1189, the con^Ktksi of the fenfi 
had so far improved that considerable portions around Crowland, and in 
South Holland bad become profitable, as appears fix>m an unwarrantable 
ittoiifi itf tlifr Imdii hriwi^^hi^ to Ihi whwItm isf- flnfliiai Ij Ifct pt ft **^^ 
of itiii|^¥itTffh|f utitM, vlMk ftoii^Mi iwfih llwit ftfr' fffl tf* 
not snffidoit pasture lor Mr oai^. AnoHier proof of ^e hnprored 
condition of the fens is the dispute which arose between the Bishop of Ely 
and the Abbot of Bamsey, as to the boundaries of their properties f for 
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what had formeriy been an inaooesribie moraffs was at this time changed 
into good land, fit for the produce of hay and corn. This dispnte terminated 
in the year 1256, and is the only light that iUominates the dark passages in 
the hisbory of the fens ; it also points oat that progress had been made in 
wcvks of drainage — principally by the care of r^g^oos houses. From and 
after the time of Henry III. the history of drainage assames a more certain 
character. In the seventh year of this reign, the inhabitants of Marshland, 
by conunon oonsent, agreed to erect that bank called Old Podyke — to defend 
them from the descent of the upland waters ; and somewhere about this time 
a great alteration was made in the course of the two principal rivers passmg 
through the fens, vie, the Ouse and Nene, which had formeriy their outfall at 
Wisbeach; but, owing probably to the effect of the banks for reclaiming Harsh- 
land, the waters of the upper part of the level were unable to pass so readily to 
sea as when the rivers were unrestrained, and consequently, overflowed, and 
inundated the level : when, to get rid more speedily of the waters descending 
by the Ouse, a new river was cut from below Littleport to Bebeck, by which 
the great Ouse was diverted from its ancient outfoll at Wisbeach into the 
channel of the Brandon River, or Ouse Parva, and so to Lynn. The eflect 
of the abstraction of this large volume of water from Wisbeach Outfall 
naturally hastened its decay, and its channel silting up, the waters of the 
Nene were either diverted or found their way by a circuitous course to 
Salter's Lode, and so into the same channel to Lynn ; and just in propor* 
tion that the Wisbeach outfetU decayed, that of Lynn widened and deepened, 
and became a good drain, especially for the lands in that portion of the 
fens now called South Level; and probably to this cause may be 
attributed the improved condition of the fens which occasioned the dispute 
between the Bishop of Ely and the Abbot of Ramsey. But whilst the 
con<Mtion of some parts was greatly improved and benefitted, the territory of 
Marshland was greatly annoyed and endangered, insomuch that com- 
missioners had to be appointed in 1287 to enquire into certain breaches of 
banks, whareby a considerable amount of property had been destroyed ; and 
again, in 1298, the inhabitants of Marshland prayed to have a portion of the 
waters returned to thmr ancient outfall, and so greatly were they annoyed 
by them, that a commission appointed to treat their case, ordered dams to 
be erected in Outwell and Upwell for accomplishing this object Repeated 
comi^aints having been made of these dams, occasioning great obstruction 
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to Bftvigatkm md draiMge, th^ were ordindf in the yeiur 1380, to Im 
{HiUed up. A fiaal »ttempt to convey these waters to theic aiMient ontbHX 
w in USa, but onfloooetrful In the ioterv^nl, M iu rAliBd 

hud witf hp e d gmidy fipom innmlMion*; it»UBk# hftd hiMoi Wiphf4 «w«y, and 
the i^er, whioh ht4 Cofviwiyheen retained witlMn biafcs aet tw^Yeperofae^ 
Mmte, hid va 19H fB^wn to be one mile jin width, and 90 gwat had 
heeeme tiie i^MHgee for malntaioing the^ Wmhs, that th^ were nnabW to 
maet them } this •xUmoity they petiOened the hing (fidwjird XXI), wb9 
•ommieiBrating thor daetiew, made thorn oonMdffBahte deduotion o£ their 
toxes, bnt, the efe^ aenght^^to oonfine tiUe riy«r within a channel sixteen 
pvmheii in width-<-wae not acoompliahod nntil Sichard II. had agoen d ed the 
thione in 1277. The snbte^nent account <^ this work, aa iur aa M e r d il a nd 
ipaa ooneemed, ehowB that it waa attended with aooceee. 

In 1429, owing to the a io c i myl at i on of wat^ ^ the npper side of the 
0)d Pedyke, the lito upon whidi it stood had become ao week that the 
hank was Adjudged inoi^Mihfe of repahr, and a new Podyke was ordered to 
he made, j^ler the erectiott of this new bank, the waters atiU aocnmnlated 
and inondated the lands npon the upper side thereof; wbm the I>«ke 
of Sxfter gave permiseion to the AKchdeaoon of Iine(^ to make a sewer 
through his i»eperty, whereby rdief was ofleoted. The atteatioii that was 
being giyen to the oonstmction of banks at this period waa the means of 
proenring an act of Parliament, eth Henry YjL, U27, £wr the better 
Qonservation of the asa banks, whiqh had been often selected, te 
the great ^gtat of the country; bat, with all the attention that 
had been paid to the works of drainage, the fens, fw the moat part wsre 
in a deplorable state, when Haltolt obtained n connnission to eauae tiM 
rivers about Wisbeaoh and Guyhirne to be acouned^ and penalties t9 
-be indicted up<m p^waaa caunng obstmotiona therahi; notwithstiMtdim: 
which, no great improvem^t was mani^osted until 1490, whum John 
Morton, Bisiiop of Wy^ caused a drain, H miles in length, 40 fes^ 
wide, and 4 feet de^ to be cut ^m Standground to Giqrh^ne, it* 
objects were to convey the Nene in a direct course to ihi out£Ul, sa^ 
so avoid its crooked passage, and to restore a bocfy of fimh water to 
Wisbeach outfiUL CJonsiderabU impro'vemait was effected in the landf 
about Wisbeach by its completion ; but, awmg to its estrone shattownefi*} 
speedily grew up, and the Nene again ovarftowed and inundated the ooaatiy) 
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Wlmn a ooiaaflllBiloti of sewm, in 1671, otdnvd it to bt wcmkstd, and 

After the final dimolutkm ^ tb* moiutolariai, 16t9, mmj^ mw*b 
whiclk h(&fOte had bMn i&aiataifted Iff tlia oan of hMHi Were 

SolRsved to ilftQ dMIty^ and tha aatnnikiannera, in 1574, CmdmL it 
tte co at auy to Mdmn that iJI i^i&a aftd mmeat OmdML be fined frooi Waela 
tMee tfttrf ytta* Bttt 00 gnat iraa tte A|)atby or iadiAmoe «f tHe 
putlM tipoil whonl 'tiie daQf devcdtod, that the work could oflmi only 
be efft^sted by Hireatefiilig to iriiit witb tha penalte af the law; and 
%i acme indCaiieea diMrainta ba4 to be made npoB tba partiea for tbe 
«3tpeiMe« iiieirited In e&e«atteg the Work. Witiiont any great do|lart«pe 
firdm -BiiB ptB/c^oe^ it dottltoiied imtU tha tiana of James L, wbtti tbe 
great interest the king to<ft in the liini was the aiaana of mati&li^ 
iflto €b« eotntttiflsion^* ifireah ettorgy, and tbay ordered one, Richard Atkina, 
a matt w^ ao<)iiaitited with ^ firns, to make an examination with a* 
atfg«r, and they atoo ordered a aorvey to be made by William Hayward^ 
"WUch beats tiie date of 1604. The oommiaskmeie afterwaida Tiowad the 
fett, fflAsA bad preiioitiily been damoiKtrated capable of befaig drain^ but 
to derfre any great benefit from the undertaking, the work must bo general* 
Oa tiUs oeeasion the commigeonett w«ve attMded hy Mr. Hmut, who pointed 
ont the woriu necessary for effecting the drainage, the principal point 
In bid Miheme betag the <iOiatnMtion of two riven, firom Earith to Salter's 
liOd«, wbicJi Wtt«, at a later date, cot by Ycnnuyden. 

So urgent was the Uag, and so gseat the interest he took in the 
work of drainage, that he eomttdflsioned Lord Chief Jnstioe P<^^bam to 
itodertidto a portion of the work, and Hkewiso induced a e<»Bpany of 
iiOndoiMrft to imdirtake another part. 

The pten bttended to be pnnned by Fopham was similar to that proposed 
1^ Hnnt; indeodf it ia probable that it waa tha tame, as Hunt waa aflter- 
warda em^oyed by Popham in Ms nndertaking* 

The works nndettaken by Popham commenced in 1605, and there 
exists a drain made at this time and called Popham's Ean, aa 
also a ctit by tl^ Londoners, and called Londoners' Lode after them. 

The scheme of Popham embraced the drsainags of the whole levd ; 
but the atata of tha sooth level at this time was snoh as not to require tha 
h^p of the dfahier In tha same degree as some oth^parts, hence, the nnn^r 
of petitiona presented {torn this rioinity, praying to be exempted firom 



160 



this undertaking; and a petition firom Lynn, in 1618, praying to hove 
the haven confined, will shew that the outfiedl for the waters of this portion 
of the fens was at this period in good condition. 

The death of Popham taking place before the undertaking may haye 
been said to have fEuily commenced, the work was again delayed ; but in 
the interval an Act of Parliament had been procured for effecting the 
drainage of Waldersea and Coldham, a dbtrict containing about 6000 acres. 

The works of drainage had again reverted into the hands of the 
commissioners of sewers, but during the frequent squabbles amongst them- 
selves, no progress was made, and at length being unable to agree upon 
any definite plan, they petitioned the Lords of the Privy Council, who 
sent down Sir Clement £dmunds, to advise them upon the matter. The 
subsequent effect of his report was the undertaking of the drainage by 
the Bail of Arundel and others, whose scheme differed firom former ones, 
inasmuch as they proposed to commence by improving the outfalls ; but 
owing to disputes, the works were never commenced. In the meantime, the 
inhabitants of the fens evinced the greatest dislike to the undertakers, and 
looked upon them as very little better than robbers, who would take 
their lands, and so deprive them of the scanty sustenance they procured 
by taking the fish and fowl which everywhere abounded in these dreaiy 
wastes. 

A spirit of uncertainty had seized upon the minds of the commissioners, who 
began to calculate whether or not they should derive more benefit from the fens 
if they were drained. In the midst of this uncertainty, Cornelius Yermuyden, 
who had been invited over into this country to stem a breach in the embank- 
ment of the Thames at Dagenham, viiich had been satisfactorily completed, 
together with the work of reclaiming Hatfield Chase, made an offer to the Com- 
missioners of the Great Level for draining their fens ; this offer met with &vour- 
able consideration ; but the same opposition that had been manifested in other 
places against the employment of a foreigner was greatly embittered in this 
instance by the general opposition to drainage ; so that the conuuissioners 
who had made an agreement with Yermuyden were ousted, and other 
commissioners were appointed, who rejected his proposals, and became 
suitors to Francis, Earl of Bedford, praying him to undertake the work, 
which resulted in a contract with the Earl, by which he was to receive 
96,000 acres, to defray the cost of the works, which were to be completed 
in six years ; and the fens were to be made good summer land, without 
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predjodice to navigation. This contract was finally ratified at Lynn in 
1630, and is called the Lynn Law. 

Before commencing operations the Earl associated with himself other 
adyentorers, and by an agreement, called the indenture of fourteen parts, 
the terms of participation were agreed upon. 48,000 acres of 95,000 were 
to be appropriated to the construction of the works, 40,000 acres to their 
maintenance, and 12,000 acres were given to the King, to procure his royal 
assent to the undertaking ; Yermuyden was retained as engineer, and the 
following works were executed : — 

IsL A river, 21 miles long, 70 ft. wide, extending from Earith to 
Salterns Lode, and now called the Old Bedford River. It had sluices at both 
ends, and was intended as a slacker to the Ouse. 

2nd. Sam's cut, firom Feltwell to the Ouse, 6 mUes long, and 20 ft. 
wide. 

drd. Sindall*s cut, 2 miles long, and 40 ft. wide. 

4tli. Bevill*s leam, 10 miles long and 40 ft. wide. 

5tfa. Peakirk drain, 10 miles long and 16 ft wide. 

6th. New South Eau, from Crowland to Clow's Cross. 

7th. Hills cut, near Peterborough, 2 miles long and 50 ft wide. 

8th. Shire Drain, from Clow's Cross to Tidd, and so to sea ; with a 
sluice at Tydd to hold out the tides, and a clow at Clow's Cross. 

9th. Morton's Leam re-made, and a sluice erected at the Horse-shoe, 
below Wisbeach, to hold out the tides. A sluice was also put down at the 
outfall of Well Creek. 

All seems to have gone on well with the work, except the unlooked for 
expense, which created some discomfiture ; but, to encourage them in their 
undertaking, Charles I., in the third year of the enterprize, granted them 
a charter which gave them considerable independence. 

In 1637, the fens weie adjudged to be drained, and the lands were 
allotted to the adventurers ; but, in the following year, the drainage was 
adjudged to be defective. The adventures up to this period had basked in 
the sunshine of royal flavour, but now a complete change took place in the 
King's views; whatever his motives may have been, his conduct in the 
matter was anything but honourable. When commissioners were appointed 
to enquire into the state of the fens, and their condition as efiected by the 
works of the adventurers, the king wrote to them advising them what 
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meiBures they ghotdd adept, «ttd oflMig to tmderCAke tin* werki Wiasdf. 
The result was, that these commissioimiB dedaiwl^ MMfdiiig to the 
Instnietkms they had reefllted, against Hm adventmtffft, and grauiy 
MCtollad tiie King fw Ms prkiMly cai«| who, slwrtfy aHerfTM^ wtt 
dedand to be tbe undertaker, aad wm to recMre, not only tiM 9§,00# 
acfis «lMBdy iBotted to tlie original a^h^tuKs, tmt also A7,000 iuam te 
addition, and the lims wei^ to be made good winter laade. In 1689, 
Obaries I. oommenoed operation^ Temreyden being still retained as 
engineer. The original adventnrers were allowed 40,900 aerei of thl 
1^5,000 acres, of whidi they became poeseased by rirtae of their contract, 
and on aoeoont ti which they bad inonrred an ezpen^tnv of i^waidaef 
£100,000. The nndertakhig of the Khig waa of a ^ery exteaelvc Aaraetan 
bttt, owing to the flames of citil war having been kindled, which these 
works in the fens in no small measm^ contribnted to Ikn, it w^as abandoned 
after the following works had been executed. 

1st. A navigable slnioe was put down at Standgronnd, npon Morton*8 
Leam, which was also embanked on tlie sooth side, and the embankment 
was commenced on the north «ide. 

3nd. A new riyer, 2^ miles in length and 60 ft wide, was cnt from 
the Hone-shoe to tiie sea bdow Wisbech. 

drd. A siidee was erected npon the ontftffl of Sklredrain, wliieh was 
afterwards swallowed np hi the q^oksands. 

The works exeoated by the King, in embanking Morton's Leam, oftr 
the first example, within the fens, of large tracts of land being enclosed 
within the embankments forming receptades in which, to nse Yermnyden's 
expvesnon, ''the floods could bed." This system of providing i^soeptaelss 
lor the floods, whkh was afterwards carried ont to sndi a great ejitent in 
the fatnre works of Yermnyden, and npon whidi so many wnt rofetsi e s 
iMYo arisen, was suggested from the practice of catting the btoka fai certain 
parts of the fens and idlowteg tke floods admission, so ^at the banka being 
leered from hj^drostatic pressure, w«e preserved. During all the eom- 
motioa of the dvil war, Yemirfien stSl Hngered ki the country, and 
the work of ^Mnage occupied his attttttion, notwithstanding the tronbles he 
had entafled upon hfmself by the losses which he had sustained In o(h^ 
wofks of this description, and the vindenft opposition manifested by tlie 
inhabitants of the fens to Ids being employed* 
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A ptd^ Wis prmeatad by Um origfaMl adroittiran to tlie Long 
P^Dliftinait, but owing to the dtttk of Fimiicis, Eari of Bftdford, nothiiig 
was ctoas; and is the. Huub iktit bad vlapted tarn tha abandoaiiieat 
ai^ the luideftakiiig bf the King, the works that had been execvted had 
^•aien iato decay ; hut witUn four mon^ fieom the King's death, WUliam, 
Earl of Bedford, proowed aai Act of PaiiiaoMnt— NotwithstandiBg, there 
ware & great munher of pelitifliie agahut the undertaUng, by -whicfa, in 
164d, he was declared to be the undertaker; he sabeequently entered upon 
the enterprise upon the same tosns as the original adyentniers. The new 
adventurers sought the services of Termuyden; but before terms were 
agreed upon, Sir Edmund Pathericke made the adventurers an offer to 
diain the tea, at a modi less oost than Yermuyden had estimated, which 
fssnltad in his being dechued «Urectar ; when Veauuyden, who possessed 
considerable lands in the fens (which he had acquired from the former 
adventurers), opposed the scheme of Patherid^e as being destructive 
to the work of draining,'* and Sir Edmund having delayed commencing 
cperatloQs, Yermuyden was appointed direcUur, upon his own terms. 

The plan pursued by Yermuyden was that laid down in the discourse 
he had published £or the guidance of the King in his imdertaking, by 
which the level was divided into three districts, viz.: — the North Level, 
tcnninating at the south bank of Morton's Learn ; the Middle Level, extend- 
ing &om Morton's Learn to the Old Bedford Biver; and the South Level 
MBfamdng all land sooth of the Old Bedford Biver ; and the principles he 
adc^[)ted were : — 

I ««iMe. Wiim mtl^mmkj$mmitk^^ upm the hyiMt^Mid 

upon which they were found. 

. 2nd. The land sewers should be laid in the lowest possible position. 

8rd« Bivers subject to land iooda should be provided with veoepteckf 
iluiri||Qli.!^w«tflneaiildbed,^ . 

^WaM»<<^irf#taii«iiidowii^ he^lMpi aapassti. 

^ In 1650 the^ mew w^ks were commenced, when the adventurers found 
they had many obstacles to contend against, principally from the native 
population, who would not render the assistance they required, altliough 
good wagse wen proved ; and to expedite the work, an offiar was made 

1000 Seoieh {okoners, takm at Pimbari tlds nui^hw, wm 9^mfuS». 
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angmeBted by 500 Dntdunen, taken priaoners by Admiral Blake. The 
fint care of the adTentaren was the drainage of the North and Middle 
Levels, but the principal woriks were executed in the Middle Levd. In 
the North Level the works of the original adventurers were restored^ 
and the banks of Morton's Learn, commenced by King Charles, were 
completed. The new works now undertaken were : — 

Ist A dram, 40 ft wide, called Yermuyxlen's Eau, discharging mto 
the Old Bedford River, at Welch's dam, and intended to relieve the lands 
below Huntingdon and Upwell from the inundations of the Nene. 

2nd. Thurlow's drain, or the 16 ft river; a cut neariy 11 miles 
in length, running parallel with the Old Bedford Biver, at a distance 
of about 6 miles from it, and discharging its waters into Popham's Eau. 

Srd, Moore's drain, or the 20 ft river, intended to connect Bevill's 
Leam with the Old Nene. 

4th. Stonea Drain, near March. 

5th* Hammond's Eau, near Somersham. 

6th Conquest Lode, a drain in connection with the Nene, and dis- 
charging into Whittlesea Mere, which, at that time, was a pool of water, 
but has since been reclaimed. Improvements were also made in the course 
of the Old Nene, Whittlesea Dyke, and Popham's Eau. After the comple- 
tion of these works, the adventurers sought, and, after some little difficulty 
obtained, an adjudication, by which they were awarded 58,000 acres. At 
the time of this adjudication, the principal work intended by the advOTtnrers 
for effecting the drainage of the South Level, viz., the New Bedford, or 
100 ft.. River, 21 miles in length, and running parallel with the Old 
Bedford, at a distance of about half a mile, was in progress. The object of 
this river, commencing at Earith and discharging into the Ouse at Denver, 
was to shorten the channel for the passage of the highland waters conveyed 
by the Ouse ; but the old Channel had still to be preserved by virtue of the 
saving clause, whereby navigation was not to be predjudiced. Therefore a 
navigable sluice was erected upon it at the head of the new river, by which 
the waters were diverted into the new channeL It has been a matter 
of surprise that so great a work should have been imdertakoi on 
acooimt of the South Level, especially as at the commencement of the 
undertaking by the adventurers this level was in very much better condition 
than the other levels. 
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In this work Yermnyden introdaced his fAVonrite principle of receptades. 
The banks were set back at a considerable distance from the cut, whereby 
«pwards of 4000 acres were enclosed, which are called the washes, inannnch 
as they were washed by every tide, and formed the receptacle in which the 
floods of winter were received. It is possible that Yermnyden introduced 
this syst^ to palliate the evils arising from neglecting to improve the 
outfalls, — the means at his command being insufficient for that purpose — or, 
aware of the weakness of the material of which his banks were composed, he 
adopted this S3rstem to rdieve them from hydnwtatic pressure, inasmuch as 
the waters spreading over a large area would not rise so high as if retained 
within a contracted channel. Whatever the reason of Yermnyden may have 
been, it is certain that the effects had never been clearly calculated. 

The washes, at first capacious, in course of time warped up ; so that 
at the present time they have a mean elevation of five feet above the level 
of the fens. Owing to this elevation, their capacity greatly diminished, 
and they became incapable of retaining the floods, which consequently 
overtopped the banks, and which ultimately accderated the artificial system 
of drainage by mills, now so extensively employed in the drainage of the 
fens. 

Another, and more serious evil was-^the floods brought down by the 
new river descended very much quicker than by the old and circuitous 
passage of Hie Ouse ; and unable to pass so quickly to the outfall at Lynn, 
tiiey returned up the old channel, and inundated the very lands the new 
river was intended to relieve. The adventurers, to get rid of this annoyance, 
erected a sluice upon the old diannel of the Ouse, at Denver, just above the 
confluence of its waters with those of the new river. This sluice had three 
openings of 18 ft. each ; its dll was set 8 ft. above the bed of the 
river ; but after its erection no great improvement was manifested, as the 
waters descending by the New Bedford River over-rode the waters descending 
by the Ouse; the consequence being that the doors of the sluice were 
dosed until the waters had risen suffidently high to force their passage, 
and, in the meantime, the South Levd sufibred nearly as much as before. 

The same state of liungs existed with the waters of the Middle Levd 
descending by the Well Creek at Salter's Lode, which were damned back 
by the Waters of the Ouse bdow Denver. In order to get relief under the 
circumstances, the adventurers made a drain, called Downham Eau, or 
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St Jolm't fU wiigj and 10 fL dsep, widi altnees «t hoik «ncfa — 

firooi abovB Dtnrec's Sbuee, and wrttriny the river agaia at Stow, & pcdnt 
Imt B^kB neanr the autfiUl at Lynn. Thia diain oofy test^MMnurOy aatwered 
lbs pnrpoM; lor witbin tiuoe jean its oaitfUl altad and it waa of 
m» fiurtiNT nac until 1666, wkoB • smoB draki waa t uia a d iaito k. 

To gat relief fiv the Tvvter of tite Ifiddle Le¥< a aindlar pknwaa 
adaptad, aa4 a (bain waa made, catttd the Marahknart Cvt, er Toaga Dnfav, 
aBEtendiBf ftwin Morde^ ta a paint abore Stoivr, by wUek tha lower ontfiaU 
waa pioowad. Both the Tongs Drain and Dowakaa Saa were constractad 
withoi^ the Great La^d, and at thor caanpietioa tiKfena were dedarad to 
ha drainad^ It aoon beoama af>i>araae that Ihe hd:ter works exeeuted 
hy the adventareis were pred[jiictieial' both to dndnagd and nayigatioii. 
Tha channel oC the Ooae taj^y daeayed; eqwcialJy between Denver 
9mk Stesw, where it sited up Wvel wxdi the bed cf tha New Bedford 
Bilrery which waa origsaally 9 ft. aboTO the level of tiie bed of Oase. 
Tha navii^ift beeana alaraaed, and petitiona were preaantod to ParK»- 
■HDt^ praorittg to have D«nvar Sluoe polled up^ aa to it waa aaecihod 
tha stale o€ the riveiv Tha arfiuMnt advmioad hy thapatitionsn againat 
this sloice was, that the tides were prevented entering the large receptaaka 
of the Ooae^ Grant, Stloke, Mildanhail, and Biaadom riven, and cemp^ad to 
tiarerae the diaUow river of BadSacd, whereby a snfljcient iagtesa of tidal 
WKttm waa ant admitted to keep the channel dear ^ and the evscknoe thegr 
pradmaid in aa^Murt et their viewa waj% that in 1j645 the tida set iatathe 
(yver H hoon, but in 1660, after ^ alnice had been is operation ntna 
yaaiar tha rarer ailtAd np^. and the tide sat i&hnt 3| haai& 

Tha deaay of the river between Daaver and Stow had been aeaalamtad 
hirtbacanatnidaon of Downham Eao and tha Tonga dmin;, ibrbytheaa 
tha fiiesh watiors had been abstracted from ths channel of the Onse ; b«t 
m tibaoatfEitt Downham Ban soon (teeagred and^was loat^ tha Tancs^drain 
haeanva tha sal^|ect of mnch dispi^ ; the navigators fieaiing that ti^e wsatoas 
in Weil €»eek would run ao low that aU traflle would be aboj^adt whilst 
the dndnett saw that hj the eontinued use of this drain, that portion of 
Well Cxeek between lihnxblph and Saltar^a Lode would sikiq^ and tha Onse 
wontd lose the benefit of Hm scaur derived ka» the fresh waters dencawliag 
this way. Toraeonofle &a oonflicting^intaresty adanaa waa inaertod in the 
Biver ]Ken» Act, hy which Uiat drain called Marshland Cnt^ or Tonga Dnun 
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ifbttll not at Koy time be rtm, tmleas upon A brea^ of bAnk, or in cose of 
iimninent dang^ thereof or imkss the waten of the Bald riven be raised 
more than 1ft. above the levd of the soil of the lowest lends of the fens \ 
nor in any of the said cases without an order in writing signed by ten of the 
Bhrer Nene Conittais8ioners» Irhereof five to be commiasioners of the said 
Corporation of the Great Levd of the Fens." It was finally agreed that 
when the waters should stand nine feet upon the dll of Salter's Lode Sluice^ 
the Upper doors of the Tongs Drain should be opened. This drain, which 
was the lowest outfall for the waters of the Middle Level, has been entirdy 
superseded by the new Marshland Cat, or Middle Level Hiver, made at the 
expense of the Middle Level ComnussimierS) who received from the Bedford 
Level Corporation XSOO per annum) and relieved them from the ezpente of 
maintaining the Tongs. 

At the accession of Charles II., the adventurers, who had completed 
thdr undertakii^ under the powers granted by the Pretended Act," Were 
obliged again to appear before Fariiament. A temporary measure was passed, 
and the King issued a proclamation against the destruction of any works within 
the Great Levid ; but so great was the dislike to the undertakers and the 
works of reclamation, that the adventurers had diligently to wat^ and 
guard their works, for foar the tumultous rabble (who often congregated), 
E^uid destroy them, as they had before similiar works in other parti 
cf the fiensw At length an act was procured in 1668^ by which the 
a dven t urers retained their powers as before. 

After thhigs were thutt settled, the Corporation commenced to improve 
the woi^ they had already executed. Two additional eyes were now added 
to the Denver Sluice, by which the waters of the South Level could be 
discharged more speedily. The navigators and the towns of Cambridge and 
I^im, #hi^ were more particularly interested in the navigation of the 
Ouae, still sought the demolition of this structure. At length the tides 
aee«mi^idied their object) as Denver ^nice was blown up in 171«^. Unlike 
the recent catastrophe in the fens, arising from the total destruction of the 
Middle Level Sluice, the foundations of titiis sluice remained entire, only 
the piers between the three original ^;)ening8 bdn^ swept away, and 
the tides and land floods i^ain Aimed up the old channel of the Ouse. 
To counteract the baneful effects many propositions were made, that by 
Colonel Armstrong being the most popular, viz., to restore the channd. 
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But it could not be expected that the Bedford Level Corporation, who had 
incurred great expenses in cutting a new rirer, would very willingly adopt 
this scheme, which would have completely rerolutionized their former under- 
takings. 

The tides and land floods carried so much silt into the river above the 
sluice that at low water the channel was nearly dry. In conadering the facts 
of the case, it must be borne in mind the river at Denver before the erection 
of the sluice was 120 ft. in width ; but the breach in the sluice did not 
exceed 70 ft. in width. This, together with the obstructed state of the 
channel below the sluice, would be sufficient to cause the decay in the 
upper part of the river. As a last extremity, the proprietors of lands 
within the South Level, together with the navigators, petitioned the Bedford 
Level Corporation to re-erect the sluice ; when the very persons who befors 
had been so eager to have it pulled up, were equally so now to have 
it rebuilt; but the Corporation did not interfere until matters were assuming 
a very serious crisis, when they commissioned Labelye, who in 1750 erected 
a new sluice upon the old foundations. 

The obstructed state of the outfalls now received the attention of the 
Corporation, who were fast advancing towards the true and proper course to 
be pursued in getting rid of their waters. The first woi^ of this nature was 
Kindersley's Cut, below Wisbeach, a river 2 miles in length, and intended 
to shorten and confine the channel of the Nene ; it was nearly completed 
in 1721. The dams for diverting the river from its original channel having 
been commenced, the ^ authorities of Wisbeach, who had before given 
their consent to the undertaking, fearing the result, procured an injunction 
by which the work was stopped at the moment of its completion. The 
channel still continued to decay, untU vessels which had been before able to 
sail into the town of Wisbeach, were no longer able to advance up the rivert 
and therefore compelled, at an additional cost, to discharge their freight into 
lighters, by which it was conveyed into the town. This work was 
eventually done after the lapse of fifty years, during which period the trade 
of Wisbeach had gradually declined, and at length, when their condition 
became desperate, they no longer opposed the undertaking. 

In the works executed by the Corporation it was often found necessaiy 
to empty a river or drain, and to faciliate these operations, the Corporation 
ordered in 1687 each of the Superintendents of the different levels to 
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purchase mills, by which the work could be more easily performed, 
which before had been effected by scoops, so constructed as to be worked 
by a number of men. The mills ordered by the Corporation consisted 
of a wheel with floats, very similar to the old breast wheel, and to which 
motion was given by horses; and so the waters were raised upon the 
principle, that any machine impelled by water, and from which power 
may be derived, will, it reversed, raise a column of water. 

The great improvements that had been made in the condition of the 
fens, by the works of the adventurers, by which they had been made good 
summer lands, had generated the idea of further improvement; and 
the introduction of mills into the works of the Corporation gave rise 
to their application to effect this improvement. In the records of the 
Bedford Level, it is found that in 1699 a person of the name of Green, 
erected a mill at Slade, and in 1703 another mill was erected at Ramsey, 
by Sylas Tytus, Esq., both these mills were declaired to be nuisances 
and ordered to be pulled down. The great complaint against them was, 
that with the waters, they raised silt and other matter, which choked the 
drains, whereby the adjoining lands were inundated, and draining was 
predjudiced. 

Although the first mills were opposed, popular opinion had made such 
advancement in their &vour that they soon took then* place as absolute neces- 
saries in the economy of drainage. The cause that had accelerated their in- 
troduction was : the porosity of the river banks, which being constructed 
principally of moor, in a few years decayed and became pervious ; another 
pause is set forth in a petition, dated 9th AprO, 1 726, from the inhabitants 
of Haddenham to the Bedford Level Corporation, in which the state of the 
100 ft. river and washes is mentioned as being unable to retain the floods, 
which had overflowed the banks twice within the last year, and they 
prayed to be allowed to introduce machines to relieve them of the 
waters. After this petition the Corporation found it vain, any longer 
to resist the demands for internal drainage, and in the following year an 
Act of Parliament was prociu*ed for the effectual drainage of Haddenham 
Fens by the use of mills. Their introduction into other districts followed 
in a train of quick succession, until at length their use became generaL 
The wind was the propelling power of these machines; but it often 
happened that a heavy rain was followed by a dead calm, and by reason of the 
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accamolation of waters, the works of the agriculturist were ^ther destroyed or 
his operations delayed, so that a great boon was conferred when Rennie intro- 
duced the steam engine as the motive power of the scoop wheels. In modem 
wheels of this description the floats are set at an angle of about 50 deg , and 
the wheeb are driven at a speed of about six feet per second, but there is at the 
present time a disposition, far from economical, on the part of some of the 
district comniissonersto increase the speed of their wheels. Since the intro- 
duction of mills and more perfect drainage, the surface of the fens has subsided 
some feet, insomuch that an increased power has become necessary on account 
of the greater elevation to which the waters have to be raised; but where no 
extra power may be required, the wheels have to be lowered. 

The subsidence of the peat, which composes the soil of the fens, has 
brought within reach the gault or Kimmeridge clay, a nuiterial used by the 
farraors as a fertilizer, which gives consistence to the light lands of the fens, 
and is valuable to the drainer as a material for the construction of banks or 
the manufacture of puddle. 

The division of the f&aa into three levels by Yermuyden engendered ths 
idea of separate interests, which, after the completion of the drainage, was 
not long in ripening into a reality ; the great expense of the North Level 
woi^ and the frequent disasters, often occurring in this district, had saddled 
considerable liabilities upon the corporation ; when its separation was de- 
termined, first by agreement, but afterwards by an Act of Parliament in 1753, 
by which the commissioners of the North Level retained in general the same 
right at the meetings of the corporation ; except that in all matters of a 
financial character their powers were exclusively confined to their own levd. 
Within the last few years the separation has been entire, and the jurisdiction 
of the Bedford Level Corporati<»i is confined to the Middle and South Levels ; 
but, from and after April 1863, the power of the corporation will cease in the 
Middle Level, by virtue of an Act procured during the last Session of Par- 
liament. 

The great success that had attended the <^>ening of IGndersley's Cut^ 
below Wisbeach, was the means of agitating the subject of executing another 
cut proposed by Bondersley near the outfall of the Ouse, by which it was to 
be diverted firom its winding course into a straight cut from St. Germains to 
Lynn. It was contatded by Kindersley, the projector of this cut, that the 
bad state of the river Ouse was not so much owing to the erection of Denver 
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Sluice as to its shallow channel so near its outfall ; yet the inhabitants of 
Lynn, who had been so vehement in their complaints against the sluice, would 
not listen to the making of this cut, called the £au Brink Cut," fearing, as 
the authorities of Wisbeach had done before, that the confinement of the chan- 
nel would be attended with the ruin of the harbour. The good opinion 
entertained by engineers, of the benefit that would accrue both to navigation 
and drainage, at length prevailed ; and an Act of Parliament was procured 
in 1795, for its construction ; but so great had been the opposition manifested 
against the bill, that the legal expenses swallowed up nearly all the funds 
that were available for the execution of the work. This cut was eventually 
made in 1821, by the Eau Brink Commissioners, in whom the channel of 
the Dose, from Denver to Lynn, was also invested. The new cut commences 
about ten miles below Denver, and was excavated to a depth of eight feet 
below the cill of old Denver Sluice. Soon after its opening it was found that 
its capacity was not sufficient, and in 1826 its area was increased at a cost 
of jS33000. A new sluice was erected at Denver by the same Commissioners, 
the cills of which were set six feet three inches lower than those of the old 
sluice. The cost ci executing these works was borne by the Middle and 
South Levels and Marshland. But by an Act of Parliament procured in 
1860, called the "Onse Outfall Act,'' the Eau Brmk Commission was dis- 
solved and their powers invested in two bodies, viz., the Ouse Outfall and 
the Denver Sluice Commissioners ; the jurisdiction of the latter body ex- 
tended from Denver to the Eau Brink Cut ; that of the Ouse Outfall Com- 
missioners from that point to the sea. Each of these commissioners had 
power of taxation over all lands draining through their channels. The 
object of this bill was evidently to relieve the Middle Level from contributing 
to the maintenance of the channel of the Ouse from Denver to the Eau 
Brink Cut ; for by the construction of a new river by the Middle Level 
Commissioners, they had ceased to<<ise the outfalls of the Tongs and Well 
Creek ; but owing to the recent destruction of their outfall sluice upon this 
river, they have be^ obliged to revert to their old outfall at Well Creek. 

Under the authority of the Eau Brink Commissioners Act, the Bedford 
Level Corporation were obliged to effect considerable improvements in the 
100 ft. river. A cradge bank was erected on the north-west side thereof, by 
which ordinary floods were retained within the channel ; in winter this bank 
was cut, and the water allowed to enter the washes ; but this barbarous 
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practice has since been superseded by the erection of sluices, hy -which the 
waters are admitted into the washes when requiredl The effect of these im- 
provements has been that the channel of the Eau Brink Cut has been 
deepened six feet hj the improved scour, and low water mark has been 
lowered seven feet. A more marked improvement has been manifested in 
the Wisbeach outfall by the prolonging of Kindersley's cut under the 
authority of the Nene Outfall Acts, by which low water mark has been 
lowered nearly eleven feet , so that lands, which before were imable to drain 
except by artificial means, can now procure a good outfall for their waters. 

After the great improvements in the outfalls, the Middle Level Commis- 
sioners determined to make some improvements in their internal dr^nage. 
Rival plans of adopting the outfall by Wisbeach or by Lynn were discussed, 
and eventually the outfall by the Ouse was determined upon. A cut joining 
the 16 ft river, and called the Middle Level River or Marshland New Cut, 
was made under the direction of Walker, in a direct line to the Eau Brink 
Cut ; and a sluice was erected at its outfall. This river was opened in 1848, 
and continued to give satisfaction until the present year, when its sluice 
became undermined by the tides and fell ; and as its embankments were only- 
calculated for the conveyance of waters at a low level, they were unable to 
bear the pressiure, brought to bear upon them by the tide reverting up the 
river ; the consequence was, the bank failed and inundated upwards of six 
thousand acres of land, lying within the territory of Marshland. 

The comparative result of artificial and natural drainage may be arrived 
at from the amount of taxation; in the Middle Level, with a natural 
system of drainage, the tax amounts to 4s. 6d. per acre, but in the districts 
of Sutton and Mepal, which stood aloof from the Middle Level in their 
undertakings, the tax is but Is. 6d. p^ acre, and they are at all times 
masters of their water. 

The labours that are now being prosecuted, for improving the channel 
below Lynn, will, when completed, have a good effect upon the works of 
drainage ; but much remains to be done in the channel of the Ouse between 
Denver and Eau Brink, the obstructed state of which may be arrived at from 
the fact that, whilst the inclination through the Eau Brink Cut is only four 
inches per mile, the inclination above this point is fourteen inches per mile. 




Ihceniher 1st, 18G2. 
C. L. LIGHT IN THK Chair. 
OK THE mUKDATIONS OF MAESHLAin>. 
By Bauvwiv LmhaXi 
The inundations of ^Tarshland during the present year have been the 
means of attracting attention to the great works of drainage that haye been 
enMM ift Ite Wmm ti mnmlatf^ If mUck lugt mm of m iMl 

win liiow tint <Im woits of reclamation were franglit mudi diffi- 
culty; great courage and perseverence having been exercised before they 
were brought into their present condition. Often have works that have cost 
mm^ hSbmt wd ^XfmmJmm Mbn iSbn ftujr ngiaf M| 

lot «• «ilflii liuti Mfam 1i«Te taft MoeeeM ^ i«iMiir«4 fiibtts al i«da- 
raatitjn. The ^strfet of Tlawliliini lias been more particulariy afllcted by 
the ravages of the sea; time illHr time have its 1 tanks been swept away, and 
the country fsur and wide laid deaci e t e. The recent inundation is another to 
•id to «lia MMber gm befen^ atid II win be 

a bM aeeeail of ilds tesniirtloii, ^ mmm adopted te dOiar tbe 
entrance of the ftdal waters, uid the method of dlsdiar^ng the fresh 

Avaters, together with some observations on the cause of the disaster, and the 
principles of fen drainage. The territory of Marshland, lying between the 
tw^ piit eiltilib Lynn and Wisbeach, was at a imtf 6aity iMflod 
mmtA^tmki^mu A geoiiigical eyaiwlnatifflt of the aferafei eon^fli^ Ita* 
snrfiiee, wfll abow that tetter its first redamadon it was omflowed by Hie 
sea ; then followed a period wlien its l>anks mnst have been perfect, but still 
it was subject to inundations, not from the sea but from the descent of the 
fresh waters, as a bed of peat (a firesh water deposit) extending orer ihe 
idiols territory idll peemi and tliia again mnat have been aooceeded b^ 
SDotber empflon of the sea. The eH^ of fbeie mc cfla u iye biondaioiii baa 
been to raise the surface, principally by the warp, atmHA ten or foartsen feel 
higher than at the time of its first reclamation. 

The drainage of that portion of the district affected by the recent inunda- 
tion is ejected partly by the natural desceul at kw water, and partly by 
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steam power : the waters are conveyed into the river Ouse near the head of 
the £au Brink Cut by two drains nmning parallel at but a short distance 
apart ; one drain is called the Marshland Smeeth drain, the other Marshland 
drain : both these drains have sluices at their outfalls to hold out the tides. 
At a short distance above the Smeeth sluice is the outfall of a drain nmning 
through Marshland, but from which it derives no benefit ; it was made by 
the Middle Level Commissioners, and opened in 1848; this drain is about 
eleven miles in length, and joins the 16ft. river (a drain in the Middle Level 
made by the adventurers in 1650), from which' it is continued in a straight 
line to near the top of the Eau Brink cut. The object iu excavating this 
drain was to get a nearer and lower outfall for the waters of the Middle 
LeveL Great opposition was manifested to its construction by the inhabi- 
tants of Marshland, but the bill authorizing the work was eventually passed 
with the addition of certain protective clauses inserted at the instance of the 
inhabitants of Marshland. Section 137 of this bill provides that the Middle 
Level Commissioners shall, where necessary, make and maintain in a sub- 
stantial manner a bank on each side of the said cut, with front and back 
" forelands thereto, and each of the said banks shall be constructed with a 
good and sufficient puddle clay wall in or near the centre of such bank, ci 
proper depth, width, and height, and dimensions, so as to effectually defend 
the lands lying on each side of the said drain from the passage of water 
" through the said banks at all times." Section 138 makes provision for the 
construction and maintenance of a good and substantial sluice of bricks and 
" stone at or near the ^trance of the said cut into the river Ouse, with two 
^' or three openings, the waterway of which shall not be altogether less than 
50 feet, and with doors to each of the said openings of sufficient height to 
exclude the tidal waters ; and the cill of such sluice shall be placed not less 
" than six feet below datum." The great fear of the inhalntants of Marsh- 
land was that the fresh waters would accumulate in time of flood in this 
drain faster than they could be discharged at low water, hence the above 
clauses. As originally constructed this drain had a bottom width of 50 feet; 
its bed was three feet below datum or zero upon the guage at the £aa Brink 
bridge, which is the standard for all observations in the fens draining by the 
Ouse, and it had an inclination pf one inch per mile. A sluice of brick and 
stone was erected at its outfall, the ciUs of which were placed according to 
the Act of Parliament six feet below datum. This sluice had three openings 
each of twenty feet, with pointed doors upon the sea side, these doors were 
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19 ft. 6 in. in height, hut as the spring tides rise tliis height ahove datum or 
six feet above their tops, the upper portion was protected by a fixed hood of 
cast iron against which the doiHrs closed. The sluice was built upon a platform 
of timber supported upon piles. The nature of the foundation is a quicksand, 
and it is probable that this sluice and those of Marshland were built upon a 
portion of the old channel of the Ouse, which is a river that has been subject 
to various changes in the course of its channel from time immemoriaL The 
nature of the foundation of this place was understood at least two centuries 
ago, when Colonel Dodson proposed a scheme for draining the fens and im- 
proving the outfall at Wisbeach, the main features of this scheme being the 
erection of a sluice across the Ouse near the present outfall of the Middle 
Level drain, and the formation of a drain through Mar^iland, by which the 
waters of the Ouse were to be conveyed to their originlil outfall at Wisbeach. 
This scheme was opposed not only on account of the damage that Lynn 
would have sustained, but on the ground that the sluice was proposed to be 
erected upon a quicksand: and as the whole scheme depended upon its 
stability, it would be very likely to prove a failure. After the Middle Level 
drain had been in operation a few years the Middle Level Commissioners 
deepened all their interior drains; whai, to derive full benefit from this work, 
they deepened this drain four feet so that its bed was lowered to one foot 
below the cill of the outfall sluice. The drain was still the same width, viz*, 
50 feet in the bottom with side slopes of 2 to 1, and the origmal but slight in- 
clination of the bed was superseded by a perfectly level bottom. Until March 
last all seems to have gone on well, but at the latter end of that month it 
was observed that certain holes had made their appearance in the bank at the 
back of the wing wall on the east side of the sluice, and cracks were discem- 
able in the arches which carry the roadway over the sluice, and which opened 
and closed with the rise and fall of the tide. The holes were filled up with 
puddle, which was supposed to have been sufficient to eflfect a cure, but how 
successful the sequel will tell ; six weeks elapsed when it was again found that 
the bank next the wing wall of the sluice was being undermined, and with it 
a portion of the foundation of the sluice. On the 3rd of May several loads 
of earth were tipped into the holes ; this speedily disappeared, and on the 
following day the whole surface of the bank next the wing wall subsided 
15 feet, showing to what a serious extent it had been undermined, thus 
making a breach some 20 to 30 feet in width, through which the rising tide 
swept with great force. Efforts were made to stop the breach with earth 
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and straw, but the tide swept all the materials away, together with the wing 
wan of the side of the slnice which had been partially undermined. The 
tides now advanced np the cut, and so great was the sconr of water throagh 
the breach that the whole of the foundation of the east portion of the slnice 
was speedfly destroyed, and the same evening the structure fell in. After 
the total destruction of the sluice attempts were made to construct a dam of 
earth across the drain to prevent the ingress of the tidal water, and large 
quantities of earth were excavated firom the side of the banks and thrown 
into the drain but with little effect ; consequently this method was soon 
abandoned and recourse was made to sinking barges loaded with earth and 
clay, and piling upon them bags of clay, but to no purpose. In 
making the attempt to form this dam sacks of clay had been built 
into a bank and extended from both sides of the drain, but the work 
advancing quicker on the east side than on the west the increased sconr 
upon the west side brought down a large portion of the bank; and 
after much time and material had been wasted in the ineffectual efforts to 
form this dam, an attempt was made to form a dam at St. Mary^s bridge by 
driving piles. For two days this work had been prosecuted, when one of the 
barges that had been sunk in the attempt to form a dam nearer the destroyed 
sluice, was carried by the tide with such violence against this dam that it 
completely swept it together with the bridge away. In the time that bad 
been spent in making these fruitless efforts to stop the entrance of the tides, 
the banks of the drain began to show signs of faUure ; being lower than high 
water at spring tide, in some places the water overtopped them ; in others 
the leakage through became perceptible ; great and by no means groundless 
fears were entertained of their stability, for it is a sure sign of imminent 
danger when the water is seen to pass through a bank; these fears were soon 
realized, for on the 12th May the west bank, at a point about two miles 
above the destroyed sluice, gave way. This rupture was effectually closed 
with bags of clay and puddle, but whilst the operation of this bank was being 
completed another rupture took place about one mile higher up, which was 
of such a formidable character as to render the task difficult of successfully 
closing it until the tides had been prevented entering the drain. Other 
reasons operated powerfully for not attempting to close this breach ; the 
general state of the banks was such that could this breach have been closed in 
all probability it would have been attended with failures of the banks in 
other places, and although the general effect of the breach was prejudicial to 
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the work of forming a dam near the destroyed sluice, as it caused a much 
larger influx of the tides to enter the drain than otherwise would have taken 
place, and the ebb waters rushing back through the breach greatly endan- 
gered the opposite bank, yet as it acted as a vent for the waters confined in 
the drain, to it may be ascribed the salvation of a very much larger tract of 
land in which the Middle Level Commissioners were more particularly con- 
cerned. After the failure of the pile dam at St. Mary^s bridge two dams 
were commenced, one a coffer dam, the other a dam by " Muller," a Dutch 
engineer, consisting of cradles made of brushwood bound together with 
withes ; each cradle was long enough to reach across the drain, and when 
complete was floated over its intended site and sunk with bags of clay and 
stone thrown in from barges; one cradle after another was thus intended to 
be deposited until a solid wall reaching above high water should have been 
raised. 

The flrst attempt to sink the cradles was a failure; yet, afterwards, 
the work progressed so far that at low-water there was a considerable fall 
over the site of the dam; it now appeared clear that if this dam was 
allowed to proceed at the same rate it had heretofore advanced, it would 
hold up the ebb; so that the effect would be to increase the depth 
of water upon the inundated lands, and consequently greatly to extend 
the amount of damage already done; so its construction was wisely 
discontinued, and the formation of the oofiisr dam alone proceeded with. 
Two things were requisite for a dam that should prove successful: first 
that the channel should not be unduly contracted during the time of 
its formation, and so prevent the scour which would otherwise take place ; 
and secondly, that it should be speedily constructed, or the extent of the 
inundation would probably be increased. 

To meet the emergency of the case, Mr. Hawkshaw, the engineer 
for the work, devised a very simple, and which afterwards proved a 
very effective dam. Two rows of dose piling, 26 ft. apart, were 
commenced at the banks of the drain, and extended about 40 ft. at 
each side, having a space of over 90 ft. in the centre. In this space 
twin piles were driven at rather over 7 ft. apart, a space was left 
between the piles of inches, which formed a groove in which it was 
intended to insert panels, when the whole of the firame-work was com- 
plete. To insure the parallelism of these grooves, to one of the piles a 
batten was spiked before driving, and the next pile driven down close to it ; 
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the piles used in this work were 14 inches square, and about 40 feet 
in lengtti. The two walls of the dam were securely tied together ; eacb 
wall had inside and outside walling-ineces, both at the top of the dam 
and at 16 ft. from the bed of the river. The dam was further secured 
by struts, extending firom the shore at each side and meeting on the 
wallings near the centre of the dam. The abutments for these struts 
were formed by eighteen piles, driven in rows of six, one row behind 
another, and well backed up with concrete. As the piling advanced, 
a gallows frame was erected over each side of the dam, and a staging 
thrown out from it, from which materials were continually thrown into 
the channel, to preserve, as far as possible, the integrity of its bed. As 
a further precaution, to preserve the bed of the channel, the edge of 
the bottom panels was sharpened, and the panels driven into the bed of the 
river. The panels consisted of squared timber, bolted and strapped together. 

On the 1 0th of June the dam was so far completed that an attempt 
was made to close it. — The panels were swung from the gallows frame 
into position, and when in place were about 24 ft in height. After 
the last panel had been lowered, it became obvious that the dam had 
blown, and upon subsequent examination it was found that several of 
the piles had been fractured. To prevent any frurther mischief the 
whole of the panels down to low-water mark wore immediately raised',, 
and the tides again advanced up the drain. The cause of the fracture 
of these piles has been ascribed by some to the damage they sustained 
in driving; by others it is thought that the panels did not fit properly 
into the groove, and consequently, were forced out, and that the great 
pressure the water exercised upon the partially liberated panels was the 
immediate cause of fracture. This seems to be very probable, especially 
when the number and position of the piles is taken into consideration. 
The head of water at the time of fracture was 7 ft. 

After this fracture some slight alterations weiib made in the mode 
of carrying out the work, and the ties between the front and back walls 
of the dam were strengthened. Nine days after the first unsuccessful 
attempt to close the dam, another and successful one was made. After 
the panels had all be^ lowered into position, and had been examined 
by divers, who reported all was right, the dams became the acme of 
the greatest activity; load after load of puddle, which had been before 
prepared, was tipped into the dam from the side staging; at the same 
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time, barges loaded with chalk and sto&e deposited th^ freight at the 
outside foot of the dam. The tides were then intercepted, and the dam 
was afterwards further strengthened by a deposit of chalk and puddle 
on the exterior faces, forming slopes of about two horizontal to one 
vertical After the completion of the dams, the means of getting rid 
of the fresh waters was next to be considered. How it could have been 
best accomplished is a subject open to much dispute. The original outlcdl 
by Salter's Lode Sluice for the Mid<He Level waters still remained, but 
the outfall in use before the formation of this dam, viz., the Tongs Drain 
or Marshland Cut, had been abandimed ; its outfall sluice, which originally- 
had two openings of 16 ft each, had been pulled up, and the site <^ 
the drain sold. The outfall sluice at Salters Lode has but a 16 ft 
waterway; when this is compared with the 60 ft. waterway of the 
destroyed sluice, or the 32 ft. waterway of the Tongs Sluice— which proved 
insufficient to prevent flooding in winter—it may be clearly seen that 
if some other method were not adopted of getting rid of the water, 
in all probability, the Middle Level would be flooded ; besides, low-water 
Ikiark at Salter's Lode, which is 9 miles higher up the river is from 
8 to 10 ft. higher than low-water at the destroyed sluice ; consequently) 
the water, to pass that way, must rise in the main drains. The regulation 
water at the destroyed sluice was 5 ft. above datum, and in wet seasons 
this would rise to 8 ft. between tides; with the water at this level, 
perfect natural drainage for all the lands in the Middle Level could 
not be accomplished, as some lands are about from 7 to 9 ft. above 
datum, others rising from 12 to 14 ft., whilst the higher districts have 
but little need of artificial means to get rid of their waters ; the greater 
portion of the level has to be assisted by steam power. 

Since the making of the Middle Level Drain, the water in the main 
drains has been lowered, and, to suit the diminished heads, the drainage 
wheels have been altered, and in some instances they have been entirely 
abandoned. Since the completion of the works of internal drainage, the 
waters pass more speedily into the main drains, and it is important that 
they should be conveyed away as quickly as possible ; up to the present 
time a portion of the waters of the Middle Level have been sent by 
the Salter's Lode Sluice, and Well Creek has been scoured, to facilitate 
the discharge this way ; but as this outlet would be utterly incompetent 
to convey all the waters in wet seasons, and as the outfall sluice could 
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not be expected to be restored in anything like time for the winter 
floods, Mr. Hawkshaw proposed to carry a portion of the water over 
the dam by means of syphons, whidi proposition was carried into effect 
These syphons are 16 in number, each 150 in length, and 3 ft. 6 in. 
in interior diameter; they are formed of socket pipes jointed in lead 
and supported upon a terrace of piles driven into the slopes of the dam. 
They are so constructed that the water enters and is discharged in a 
direction parallel with the drain; at the foot of the syphons on each 
side of the dam there is an apron of timber, secured to piles ; the space 
between the heads of these piles has been excavated, and, on the sea side, 
filled in with concrete, on the river side with puddle, in each syphon there 
are four bends of an angle of 27 deg., and at each side there is a " Tankard 
Valve," to prevent the water passing back into the drain at the rise 
of the tide. In the centre of the dam a 9 in. pipe enters each syphon, 
and is furnished with a stop valve ; it connects the syphons with an 
elevated pipe running transversely over them, which is connected with 
three air pumps, in an engine house on the west bank, by which the 
syphons are exhausted of air, an operation at all times necessary beforft 
they can be worked. The syphons are so arranged that one or more may 
be exhausted at the same time ; the air pumps are 16 inches in diameter 
18 inches in stroke, and are worked from a three-throw crank, impelled 
by a ten-horse engine, manufactured by Messrs. Easton & Amos. It 
will be requisite that the pumps should always be ready for work— 
if not kept slowly to work — during the action of the syphons, as 
the large amount of air in the water, especially in the winter months, 
being expelled by the motion through the pipes, would accumulate 
in the upper part of the syphons, and greatly interfere with their 
action. 

So long as the syphons are entirely exhausted of air the discharge 
from them would equal that through a bent pipe, and may be thus arrived 
at : — first, by ascertaining the velocity the water would enter the syphons ; 
secondly, by calculating the head to overcome the resistance in the bends 
with this velocity; and lastly, by calculating the discharge under the 
head diminished by the resistance of the bends. The velocity the water 
enters the pipe may be assumed to be the same that it would acquire under 
the same head through a straight pipe of equal length and diameter, example: 

The water on the upper side of the dam being 6 ft. above datum or 
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aero, the water on the sea side beiog at zero; required the quantity 
that would he discharged per minute hy the sixteen syphons. 

Fir8t.-The velocity per minute = _ 

where d = diameter of the pipe 
I = length of do. 
h = head of water 

fl = the ratio of a circle to a square = '7854 

= ^^'1" 

yi-J* (-7864 X 3-5«) 

= 63975-96 
48-10575 
as 1122 feet per minute 
or 224*4 inches per second. 
Secondly — ^The head in inches to overcome the resistance in the bends 
t>» X sine' X no of bends x -0003 

where v = the velocity in inches per second 
~ — the hydraulic mean depth in feet. 
224-42 X sine 27°2 x 4 x -0003 

V T 

^ 224.42 X -453 99 x 4 x -000 3 
-935 

= or 13 32 inches, or 1*11 feet 

therefore the head under which the discharge will take place 
= 6-(l-lH--083) = 4-8 ft. 
-088 being the head to overcome the resistance of the valves, consequently 
the quantity discharged per minute by the 16 syphons will equal 
•2366 v/3-6 ^ 



^ 4.8 

63976-96 



X 16 



6-59 

=154480 cubic feet 
= 965500 gallons. 

The quantity of water capable of being discharged per minute by the 
destroyed sluice under the same circumstances will equal the area of the water 
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way multiplied by 460 and the square root of the head. As the cill of 
the sluice is six feet below zero the waterway would be 12 feet in depth and 



or rather more than five times the quantity capable of being discharged by 
the syphons. 

If merely horizontal pipes with outfall valves had been laid upon a 
suitable platform in the bed of the river nearer the site of the destroyed 
sluice, and a bank afterwards formed over them, with the same size of pipes 
the discharge would have been greater, and being self-acting, the constant 
expense attending the working of syphons would have been unnecessary and 
the danger attending the silting up of that portion of the drain between the 
syphon dam and the river Ouse in the summer months (when there will be 
no dischaige to scour the channel clear) would have been avoided. Any system 
of pipes is unadvisable as a permanent work in fen drainage, inasmuch as the 
flows of ice descending the drains in the winter months cannot be discharged, 
and consequently will very speedily accumulate and stop all drainage, unless 
special provision is made to prevent it. 

The author next enquired into the causes that led to the destruction of 
the sluice and the failure of the banks of the drain, but before entering on 
this part of the subject, mentioned that since the destruction of the Middle 
Level sluice, a v&ry similar accid^t has happened to the Smeeth sluice, but 
the sluice itself was left standing. The bank on the east side was under- 
mined and fjEuled under exactly similar circumstances to that of the bank 
adjoining the Middle Level sluice. These sluices are situated upon a bend in 
the river Ouse, and being built upon its concave bank were more particu- 
larly liable to the effects of scour, and to this cause, together with the re- 
puted bad foundation, may be ascribed the failures ; for since the completion 
of the works in the estuary below Lynn, the channel of the river Onse 
has been deepened and its banks greatly damaged by the increased scour. 

The stability of banks is a subject deserving especial attention ; great care 
is required in their formation, and constant vigilance need be exercised to 
guard against accidents. The failure of a bank may take place from either 
progressive or rotary motion : its resistance against progressive motion will 
equal /(w+p) 



12 X 20 X 8 = 720 feet the full area of the waterway 
720 X 460 X y/6 
= 793800 cubic feet 
= 4961260 gallons 
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Where, / is a co-efficient for friction. 
w m w^t ot tb« bank, 
p mm Totlsal pemmee apoa It 

Against the toiulcncy to be overturned the 
resistance will equal the weight of the 
bank multiplied by the distance of the cen- 
tre ol gravity from the point of rotation 
mmmteA upon the ba0e line in the follow- 
diagram which shows a eectlon of the 
Middle Level bank at the breach; it is 
required to ascertain its resistance to a 
force tending to overturn it on the point b 
m a ^tre; and the moment of pressnre 
ixertecl agauQSI It wh^fi the drain is Ibll: 
the weight of a cube foot of bank 
being 113 lbs. and of a cube foot of water 
in the drain at the time of the breach being 
0i*Mlh. ItwIllfliBtbeneceasaiyto filid 
the position of the centre of gravity of the 
bank j for that purpose it may be divided 
into tlie parallelogram A and the triangles 
B and C. Having found the centre of 
gravity of each of these figures, the com- 
mm tmt^ &t gtavlty Q may next be 
ibimdi It0 cistimce m the Hne u from 
tile centre h wSl equal^ b =s 

A + B + C 

where A, B, C, represent the respective 
areas ^ the difi^nt partioos of the 
bulk. 

dj d', (2% the distanees of th^ re- 
spective centres of gravify fr«m the 

centre 
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therefore as A = 65-126 ft d =20 75 ft 
B = 66-15 d'=30-5 
C = 62-475 d'' = 11-30 
h = 55-125 X 20-75 + 66-15 x 30-6 + 62-475 x 11-32 
^ 55-126 + 66-15 4- 62-475 

= 21-05 

The area of the bank = the sum of the areas A, B, C, or 183-75 feet, and the 
stability of one foot in length of the bank will equal 
183-76 X 113 X 21.05 
= 437076 lbs. 

The pressure of the water upon the face of the embankment will equal that 
of a column of water having the area of the slope for its base, and for 
its height the column of water above the centre of gravity of the 
slope; consequently the pressure upon its face will equal that of the 
prism of water a, c, h, with a right angle at a. a, A, being equal to c, c, 
the depth of the water. "W, the centre of gravity of this prism, will be the 
centre of pressure upon the bank ; and the force being communicated at right 
angles to the face of the bank, P, will be the point of application of the pres- 
sure = J a, c, and P, p. the leverage at which it is applied to overturn the 
bank on the centre 6, will consequently = J tf, c. As only a portion of the 
water of the prism exerts a horizontal effort, the amount of such pressure will 
equal the weight of the prism a, c, A, diminished in the ratio in which the 
inclined line a, c, exceeds the depth e, c ; the result being multiplied by ^ 6, c, 
will give the pressure tending to turn the bank about the centre h. 
The wdght of prism = 4510 lbs. therefore the pressure =4610 x x 
2-46. 

= 4177 lbs. 

shewing that the pressure tending to turn the bank about the centre h is very 
much less than the stability of the bank. 

The force tending to produce progressive motion will equal the horizontal 
effort, or 

4510 X =1705 lbs. 
which is the same as the pressure that woold be exerted upon the perpendi- 
cular face e, c, and which is equal to its area multiplied by the distance of 
its centre of gravity from the surface of the water. The moment of stability 
of the bank against this force is equal to / (W + P) or the height of the Iwnk 
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and the vertieal pfestare upon it multiplied hy a eo-effioient for fHction, 
which in this case will be the friction of quiescence, and may be taken as *75, 

J83'76 X 118 = 20768 
and the rortioal pressure upon the bank will equal the weight of the prism 
of water a, c, A, diminish in the ratio of the inoKned line a, to the hori- 
tontal line ek, e, 

P = 4510 -X III! 
or 4175 lbs 

which is the same as the pressure exerted by a column of water upon the 
horizontal line a, e, whose height is the surfiice of the water above the centre 
^f gnmtj of the slope a, e, 

then/(WxP) =« -76 (20786 x 4176) 
« 18708 

or the effort of the bank to resist the progressive motion, is nearly eleven 
times greater than the pressure agfunst it. The stability of a bank depends 
Ukewise npon the nature of the material of which it is composed and the mode 
of its construction. If the nature of the material is such as by imbibing water 
it is rendered semi^fiuid, a bank constructed of it will not stand, without 
special provision is made to make it impervious. It often happens that the 
only material at command is of itself ill adapted for the formation of a bank ; 
when, to insure its integrity a wall of puddle should be inserted, or the ftce 
of the bank may be puddled. This system of puddling the banks was first 
introduced into the ftns by one Smith, of Chatteris, who was a professed em* 
banker. It has the advantage of not only rendering the banks more stable, 
bat by prev^ting the soakage <tf water through them into the tens, the gp-eat 
expense of afterwards pumping out the water is saved. In the case of the bank 
of the Middle Level drain, if not properly puddled, the materials compodng it 
would be better adapted for a filter than a bank ; yet it is to be feared tiiat this 
necessary precaution was never properly carried ont, hence its failure. Before 
the system of puddling the banks was introduced into the fiens, breaches were 
of constant occurrence ; and to guard themselves against litigation in the 
ease of the failure of their banks the adventurers had a clause inserted in the 
Act of Charles IL, by which they were liable only to make good the banks 
with all convenient speed ; bnt owing to the general advance in engineering 
science, such clauses as these have been rendered unnecessary and would now 
be thouglit contemptible. 

N 



186 



It hMB geoeraUy been found that where 4 failure of a bank has taken 
place it has been the result of the action of the wator, dther percolating 
through or overflovdng it ; in either case the current set up carries away 
portions of the material composing the bank, which then becomes under- 
mined, and falls, or is broken down by the force of the overflowiog water. 
The success attending the drainage of the fens involves the consid^tion of 
the principles upon which the system has been carried out, and which are 
applicable to many other localities. They are, 1st, That in all works of 
drainage commencement should be made at the outfall : 2nd, That all riven 
liable to floods running through low districts should be embanked ; that die 
two slopes of a bank if produced should make an angle at the top of at least 
90° ; otherwise the upper portion of such bank is liable to be broken away 
by the pressure of water, which is always at right angles to the face of the 
slope ; that the banks, if not made of impervious material, should be puddled; 
and they should be set at a suitable distance from the river, and that the 
rivers should be straightened and deepened: 3rd, That catchwater drains 
should be formed which should skirt all the high lands and discharge their 
waters into the rivers at the lowest possible point. 4rth, That low level 
drains discharging into tidal rivers should be sufficiently capacious for 
storing the storm waters during the time of high water ; that the outfall 
sluices of such drains should have their cills considerably below low water, 
if there is sufficient current to keep them clear from silt, &c. These sluices, 
if built upon semifluid foundations, should be constructed on a suitable plat- 
form upon which the superstructure may float, care being taken to equalize 
the bearing and protect it from being undermined by the water. 5th, That 
the inclination of the bed of the drains in a fiat country may be dis- 
pensed with ; as the discharge of a drain does not depend so much upon 
the inclination of the bed as upon the depth of water; as motion, 
the result of gravity, is greatly accelerated by depth, it will conse- 
quently follow that all drains should be as deep as possible, and it will 
be found that in drains of equal sectional area, working under the 
same head, the discharge will be greatly in favour of the deeper drain. As 
an example we have two drains, one 40 feet wide in the bottom and 4 feet 
deep, with side slopes of 1 to 1 ; we have likewise another drain of equal area 
but 8 feet deep ; the width of the bottom will be 14 feet if the side slopes 
are 1 to 1. The area of each drain will he 176 feet, with an inclination of 
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6 inches per mile, and the quantity discharged by them per minute will 
equal 

176 X b^y/2Wn 
in which H is the inclination in feet per mile, 

R is the hydraulic mean depth. 
In the case of the drain 4 feet deep, 

area 176 
^ ^peHmeter " 51-3 ^'^^ 
In the case of the drain 8 feet deep, 

area 1 76 

^ = perimeter' ^ 36^ ^' 
The discharge from the shallow drain will therefore equal ^ 
176 X 55 v/2 X 3-43 x -5 = 17908 ft. per minute, 
while the discharge from the deeper drain will equal 

176 X 55 ^2 X 4-82 x -5 = 21199 ft. per minute, 

or eighteen per cent, more than the discharge from the shallow drain of equal 
sectional area. The drainage of a district is materially affected by the 
amonnt of rainfall in that district ; in the fens the rainfall is about twenty- 
two inches per annum ; of this but a small portion has to be raised by arti- 
ficial power into the rivers; in those districts in which the drainage is 
effected by steam power, upon an average a one horse power engine is found 
sufficient to effect the drainage of 150 acres. 

There are still districts in the fens that have not taken all the advantage 
they might from the improvement that has been effected in the outfalls 
during the last few years ; and which still make use of steam power to ac- 
complish that work, which could be done by natural means if suitable drains 
were constructed; there are districts near the sea, or which discharge 
thdr waters into tidal rivers that might profitably make use of the great 
power of the tides to effect the drainage of their fens. 

DISCUSSION. 

Mr. Muller said he had spent a few days on the works, and could speak 
with some accuracy as to what he had seen. There was one subject to which 
be wished to call their attention, which made the great difficulty in closing 
the drain. It was not the same as in other tidal drains, where there vras a 
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regnUr tlbh imd flood. Hm nonnal •jrstem was porfiectljr dUturbed. The 
flood in tbe river Onse, ran up tlie Middle Lerel drain, —in tlie bank of the 
drain was a breach, abont fonr miles fh>m the Oose, the water ebbed out, of 
coarse lowering, but as the level of the inundated lands was below the level 
of high water, the water still ran up the drain, but lowering the levd of the 
water, while it ran down the river Ouse. In fact, there was about nine 
hours flood in the drain, while there was only six in the river. The remedy- 
he proposed to Mr. Hawkshaw was not to raise up a bank, and raise it up 
gradoally by layers until the water was kept in the fens ; but the remedy 
he proposed was to raise the water by cradles to the same hdght as the 
water in the fens, and then to drive piles so that you would only have to 
contend with four or five feet of water, and there would he no more water in 
the fens than before. 

The reason why the banks were discontinued there, was not because the 
water was kept up in the fens, but simply as Mr. Hawkshaw mentioned, the 
fear that one of the boats, or more of them, might break away and run 
against the piles, and so destroy them. That was the reason against whieh 
nobody could object At the same time being deprived of the boats he could 
not go on with the bank, and it was then stopped. He was not able now 
to follow tbe calculations with regard to tiie lability of a bank, he bad beoi 
aceustomed to regard the staUlity from two different views^ its resistance to 
the force of the water at rest, and in motion. Tbe first was tbe position in 
which Mr. Latham had calculated the strength of the bank» eminent antho* 
rities have found out, and experience had proved that even Sf a heap of sand 
was thrown up so that it could stand by its own wei^t, it wendd be sufficient 
to keep the water out, so that sand thrown up so as to stand by its own 
slope, was suffldent to resist the force of the water when at rest, when tbe 
water was in motion it was another matter, then they not eoly had the 
weight of the water to keep but the force of the waves running against the 
slope ; the slope, therefore, must be one of the principal features to be taken 
into consideration with regard to the stability of the bank. 

Hie calculations, as they are made in the paper are very correct 
when the water is at rest, but I should like to have certaiii fonnul» 
for the strength of resistance requisite when the water is in motion. 
He was never able to find one. The principle upon which all bai^ were 
constructed was to make them about ten or twenty times the strength that 
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yon Uiought would bt required of then. With regard to the ByptkoHBf the 
calcnUtion is made with referenee to the qnantitx of water Ibreed through 
them, with a difiereoce of fix feet in the lereii. Now the waftHr in tlM rirer 
■flidom. roM more than fifteen or nxteen ttat, while the low water by the 
bank he made himself, was about tix feet. There was a differeooe of six or 
•ereo ftet which was only for a few hours. He would like to know whether 
the calculations were made during the twenty-four hours or during that 
short time when the water was at a diflferenoe of nx feet. There was. only 
one perhaps out of the twenty>four hours when there was such a diffirence. 

Mr. £. Beynolda said, that in constructing an embankment in such cases 
aa those before the raeetbag, it seemed to him quite superfluous to enter into 
any elaborate calculations of its stability, because it was practically impoa- 
sible with the usual materials, at their natural slopes, to form an embank- 
ment that was not theoretically safe from any risk of failure by overturning { 
but the tendency to slide horizontally is a very serious mattw, and one 
which could not be met by calculations as to its amount ; because it was 
impossible to define the resistance which any given weight of embaukmwit 
would oppose to sliding. 

He should be glad to learn from Mr. Latham what method was adopted 
in constructing the embankments in the fens. Was a cutting first made 
down to the clay, or was the material simply heaped upon the peat. Even 
if they went down to the clay, it did not necessarily follow, that the bank 
was securet for some day measures were peculiarly treaeherous, and liable to 
slide. Files might obviate this tendency, but twenty miles of idling would 
be rather a serious nuitter. 

Mr. Olander said he had one or two observations to make with reference 
to the cause of accident to the sluice at the entrance to the Middle Level 
drain. He believed, with Mr. Latham, that it was i»incipaUy to be attri- 
buted to tiie extra scour on account of the Norfolk estuary works. 

As five to six feet fall had been gained by the making of the two mile 
channd from Lynn seawards to Vinegar Middle, this would to some extent 
influence the portion of the river where the Middle Level drain discharged 
itself. Before this cut was made the tides had a circuitous route in the <^ 
Lynn channel, wherM afterwards the rate of the tides were oonsiderably 
increased by the slaraight cut. 

He thought the river had increased its depth since then, and probably 
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« gr«at deal from St Garmains to the Free Bridge at Lynn. No doubt i, 
quantity of material had been carried away by this increased rate at the 
entrance of both sluices, viz., the Middle Level sluice and the one nearer Lynn 
he therefore agreed vrith Mr. Latham that the accident if not wholly was 
partially doe to the increased rate of the tides. 

He agreed with the last speaker that the water in a qniet state wodd 
tend to fix the bank, but very different with a heary Wind and sea upon the 



li^th regard to Mr.MuUer's cradle dam there could be very little 
doubt that if it had been raised any height so as to hold up a certain amount 
of water in the fens, it would have greatly facilitated the works of the coffer 
dam that was being constructed by Mr. Hawkshaw. There would be a 
less fall coming out at the head, and the scour would be less, higher up the 
river. 

Mr. Latham in reply said, there was one point that Mr. Muller had 
brought before the meeting, and that was, the great difficulty of making a 
dam owing to the length of the time of high water; that being so, the for- 
mation of such a dam as Mr. Muller had mentioned could not have mended 
matters, but, on the other hand, would have greatly extended the inundation: 
exception had been taken to this view, yet it may clearly be shown that the 
amount of damage would have been much greater if this dam had been 
carried up to the height of the water on the inundated lands as proposed by 
Mr. Muller, for it so happened that the lands under water were circumscribed 
by a road ; this road was vested in the hands of the Marshland Smeeth Com- 
missioners, the Marshland Commissioners were interested in the lands on 
the opposite side of this road — and as the water was within a few inches of 
the top of the road it became an object with the Marshland Commissioners 
to raise it and so prevent the water from flowing upon their lands, but the 
Marshland Smeeth Commissioners had still some lands which were safe so long 
as the road was maintained at its present height, as the water must have 
overflowed it and inundated a very much larger tract of countiy, before it 
could have further affected them, so under these circumstances the road was 
not raised. This being the position of affairs, the formation of a dam that 
would diminish the sectional area of the waterway, and that too close to the 
outfall and so prevent the ebb waters passing away, was wisely discontinued; 
fbr as certain as it had been constructed, so surely would the water have been 



slope. 
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raised upon the inundated lands ; because as the water upon the inundated 
lands was maintained at near a uniform height of eight fset above low water 
in the river Onse, which was over three miles distant, the moment a dam 
was raised in the Middle Level drain close to its out&U into the Ouse, and 
as high as the water upon the inundated lands, all water that would after- 
wards flow upon the inundated lands could not be discharged until it had 
established a sufficient head corresponding to the time of ebb water. It has 
been said that the formation of this dam would prevent the entrance of the 
tide ; he granted that it would to a certain extent, but inasmuch as it was 
situated close to the river Ouse, from whence the tides entered the drain, but 
was over three miles distant from the inundated lands, it would to a greatet 
extent impede the passage of the ebb water, than prevent the entrance of the 
tides, because the surface of the water when entering and also when passing 
off the inundated lands may be assumed to be an inclined plane, so that 
there would consequently be a greater depth of water upon the dam when 
the tides enter, than when they pass out of the drain, and again when the 
tides enter the inundated lands they spread themselves over a large area, so 
that the head that should produce the discharge is diminished. 

It may be said that the time of ebb water is greater than that of tide 
water ; this is so, and when the drain was unobstructed it was sufficient, to- 
gether with the discharge by other sources, to maintain the height of the 
water upon the inundated lands at near a uuiform height ; but the very 
moment a dam is raised above the bed of the drain to the level of the water 
upon the inundated lands, the inevitable result would be to increase the 
depth of water upon those lands, and although a uniformity of level would 
eventually be established, it would be at such a considerably greater height 
as to have greatly increased the amoimt of damage. 

With regard to the failure of the Middle Level sluice, Mr. Muller gives 
it as his opinion that the " caiise " of the failure was due to the want of 
sufficient sheet piling ; now although sheet piling extending sufficiently far 
into the banks at either side of the sluice might have rendered the possibility 
of failure less certain ; yet seeing that the failure must be due to some 
existing cause it could not be attributed to that which was not there, there- 
fore in all likehood the failure i was due to^he cause mentioned in the paper, 
viz. ; the effects of scour upon a reputed bad foundation. 

There was another point that had been referred to, and that was, the effect 
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of numiag water apoQ banki; la the cMe of a riverf with parallel banks 
which art neifchar ai^Mtad by wind or tida, the statical preamra is the greatest 
pressore those banks bare to resist; for this reason, that if the water ran 
down the riyer with a vdodtj dne to its head there wonld be no ptessnre 
upon the banks, and where pressure does exist in connection with running 
water it may be taken as the measure of resistance at that particular p<nnL 

The adoption of the six feet head in calculating the discharge from the 
i^jphona was pnrsly arbitrary, and was taken to show the relative rate of 
discharge between them and the destroyed sluice. 

In the early history of draining it was the practice to form the banks of 
the material excarated in cutting the drain ; but in a case where there was 
not sufficient material in the drain, or when the bank was set back a con- 
siderable distance from it, an excavation was made a short distance from the 
site of the bank purposely to get material wherewith to construct it The 
earth so excavated was formed into a bank, the weight of which compressed 
the peat upon which it was laid, and so prevented to a certain extent the 
joakage. But such banks i^ter a fow years could not resist the floods of 
winter, and until they were puddled-were a constant source of anxiety owing 
to repeated failures, but of late years Most of the important banks have been 
puddled ; the mode of executing the work was by digging a trench down 
into the gault, commencing at the top ot the mtemal slope of the bank ; a 
very few inches of well-worked puddle will make a bank impervious ; but in 
the old banks the puddle dykes vary from 18 inches to 2 foet in thickness, as 
the whole of the excavation is filled in with the puddle which necessarily 
oould not in a deep cutting be of leas dimensions. The water in the fens is 
kept from two to three foot below the surface of the land, and when it fiiUs 
below this level, which it does sometimes in the summer months, it is the 
practice to admit fresh, water from the rivers. The general subsidence of the 
peat lias greatly extended the use of the gault to purposes <jt agriculture, 
which has thus been brought within easy reach. This qrstem of claying the 
land is found soon to repay the expense, which varies from 30s. to £8, per 
acre, and gives employment to a number of men in the winter mcmths who 
otherwise would be short of woik at the very season of the year when it is 
most needed. 

The Chairman said, in bis opinion one of the great causes of failure was 
owing to the bad nature of the bottom, in marshlands generally. He thmiglit 
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that in many cases the liability to give way tronld be obviated by piling : 
if it did not solidify, it would prevent the banks from shifting. By putting 
in tiers of pfles and filling in with hard material and puddle, it would be 
almost impossible for a bank to be swept away by the action of water or 
heavy weather. At the last meeting of the Society they had a very interesting 
history of drainage and reclamation works, many of them of a very ancient 
character, when the progress of science was less advanced than at present, to 
go over the whole of that work again would be almost an impossibility, 
there would, however, from time to time be failures in the different ancient 
works which would have to be made good, fiulures against which, due pre- 
cautions would be taken in all future works. 




i 



Digitized by 








Digitized by 



ONE WLZK BOOK 



> 




